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This month's cover board project is 


yet another useful piece of test 
equipment for your workbench. 
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whilst fishing and lost the big one? 
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Oxford 
switches 
to electric 
transport 


he city of Oxford now has 

an electric bus service, 
part of the city’s move 
towards creating a better envi- 
ronment. Four buses powered 
by lead acid batteries are now 
running a regular service on a 


4km circuit in the city. Each 
bus carries up to 18 people 
and has a top speed of 64km 
per hour, 

The £125,000 buses are 
being provided by Southern 
Electricity and subsidised by 


the council. They have been 
designed by International 
Automotive Design of 
Worthing in Sussex and 
should help to reduce the 
level of nitrogen dioxide pollu- 
tion in the city centre. 


Mixed technology 
memory cards from 


Mitsubishi 


wo new series of mixed technology 68 pin PCMCIA 

version 2/JEIDA version 4 standard memory cards 
have been launched by Mitsubishi. The two series are 
firstly a mix of SRAM and Flash and, secondly, a mix of 


OTPROM and EEPROM. 


The SRAM and Flash mixed cards are available in 
mixes up to 2Mb of total memory. As such they provide 
ideal solutions to the data and program storage require- 
ments of very smail computer systems. The 200ns fast 
access cards are buffer interfaced and incorporate 
attribute memory. Programming and data erasing is by 
software contro! under the Flash memory and a life of 
up to 10,000 Flash memory programming cycles can 


be achieved. 


The OTPROM and EEPROM versions are available 
with 1 or 2Mb of OTPROM and 64 or 256Kb of 
EEPROM, plus decoder ICs. Applications for these 
cards include multi-function terminals, instrumentation 
and measurement. The cards feature an 8 bit data 
length and an access time of 250ns. 

For more information contact Mitsubishi on 0707 


276100. 


W: all rely on the fact that electrical systems 
are properly earthed to guarantee their 
safety, but is the earth wire properly earthed? A 
new device from Manchester based Alpha 
Electronics allows you to test individual earth 
resistance in multiple earthed systems. This 
can be carried out safely without any need for 
disconnection. The system is ideal for testing 
power pylons, grounding grids and lighting 
protection systems. 

The Unilap GEO-X also offers low resistance 
and two pole measurement with an AC resolu- 
tion of 0.001 ohms. Automatic frequency 
control has been incorporated to ensure 
measurement validity. Microprocessor 
controlled measurements are presented on a 
large, high contrast, LCD and may also be 
downloaded to a PC or printer. 

For more information contact Alpha 
Electronics on 0942 873434 


Mercury containing 
copper oxide becomes 
superconductive 


y subjecting a mercury-containing 

copper oxide to very high pressures, 
scientists at the University of Houston 
have caused it to become supercon- 
ducting at unusually high temperatures - 
above 150K (-123C), Currently, the 
highest ambient-pressure supercon- 
ducting transition temperature on record 
is 135K. lt was measured in the recently 
discovered compound 
HgBa2Ca2Cu308+8 by Houston physi- 


cist Ching-Wu Chu and co-workers. 
When Chu’s group subsequently 
subjected this material to 150 kilobars of 
pressure (almost 150,000 atmospheres), 
its transition temperature went up to 
153K. The researchers measured a tran- 
sition temperature of 160K at 280 kbar. 
These results show subsequently that 
superconductivity in such layered 
cuprates is possible at temperatures 
researchers could once only dream of. 
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Because pressurising these super- 
conductors is not technically feasible, 
Chu’'s team is seeking to duplicate this 
transition temperature enhancement 
effect at ambient temperatures using 
chemical means. One possible route, for 
example, is to replace the mercury with 
other elements that have linear oxygen 
co-ordination and/or a valence of 3 or 
less. 


itsubishi has expanded 

its 38000 Series range 
of 8 bit microcontrollers to 
give a range of devices that 
should suit the needs of every 
designer. The ‘mix and 
match’ RAM and RAM 
concept range now incorpo- 
rates devices carrying 
between 8 and 48Kb of ROM, 
with up to 1Kb of RAM. 

The Series can be divided 
into three main groups - 
general purpose, VFD and 
LCD controller types. 
Features include a simple 
instruction set with 71 basic 
instructions, together with 
ROM, RAM and I/O 
addresses residing in the 
same memory map for easy 
programming. The single chip 
CMOS microcontrollers boast 
fast instruction times and the 
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New microcontrollers 
from Mitsubishi 


‘devices operate from power 
supplies between 2.5 and 
5.5V, according to type 

On chip functions include 
16 vectored interrupts with up 
to 7 external interrupts and 
four 8 bit timers, three 8 bit 
prescalers, plus one USART 
and between 58 and 74 
programmable |/O lines. On 
some chips, internal A/D 
converters are also provided 
offering 8 bit successive 
approximation conversion, 
with conversion in 50 clock 
cycles. The 8 bit DAC is an R- 
2R ladder network with 
external reference voltage. 
Clock rates are up to 6.8MHz. 

For more information on 
the 38000 Series microcon- 
trollers contact Mitsubishi in 
Hatfield, Herts, on 0707 
276100. 


device claimed to be the world's first 

electro-fluidic multichip module 
should have a big impact in areas such 
as instrumentation and process control. 
The tiny modules, which link several 
silicon micro-machined components, 
control fluid flow from 0.1 to 1,500 
ec/min (20psid) with an accuracy of 1% 


Multichip module 


Redwood Microsystems Inc., of 
Menlo Park, California, the firm behind 
these new devices, says the modules are 
smaller, more accurate and less expen- 
sive than regulators normally used to 
control non-corrosive gases in analytical 
and medical instruments. 

Each module contains a silicon micro- 
machined sensor, drive electronics, flow 


connectors and one of Redwood’s 
patented Fluistors, a new type of 
microvalve etched in silicon. When 
combined with Redwood’s analogue 
control boards, the modules facilitate the 
design of closed-loop proportional 
controllers that precisely regulate pres- 
sures from 0-30 and 0-100psig. 


full scale. 


as 


-NEC’s fluorescent 
panel is a world first 


Motion 
computers 


otion computers, 

designed for specific 
motors, are changing the face 
of automation. Faster chips 
not only provide more accu- 
rate moves, but they also 
generate profiles that are 
nearly impossible using 
mechanical means alone. 
Two such chips, one for 
servos and another for step- 
pers, are now being 
marketed. 

One chip, actually a 

chipset, 's from Performance 


Soe 


Motion Devices Inc., of 
Chelmsford, Massachusetts. 
The DSP-based MC1401, 
one of the most advanced 
servo-control chipsets for its 
price, offers 32 bits of 
compute power for calcu- 
lating position, velocity, accel- 
eration, and jerk. Its four built- 
in profile modes, trapezoidal, 
velocity-contouring, S-curve 
and electronic gear - let it 
generate practically any 
complex move in real time. 

Input features include 
support for an increment 
encoder with index pulse, two 
directional! limit switches and 
a home signal. The chipset 


peas sss 


also features a choice of two 
digital filters - PID and PIVff 
(velocity feed forward) - anda 
period register that stabilises 
the response at low speeds. 
All fitter and profile parame- 
ters can be changed on the 
fly to facilitate multi-axis 
synchronised motion, based 
on pulse-width modulation or 
160 bit D/A converter 
compatible motor output 
signals. 

For stepper motors, the 
new model is the SMC-50, a 
single-chip microcontroller 
from Advanced Micro 
Systems Inc., of Nashua, 
New Hampshire. The SMC- 


ELECTRONICS TODAY INTERNATIONAL 


Ground 
breaking 


digital 
video 
recorder 


| Sameung | 


sing green light laser’. 

technology, developed ° 
by the Russian military, the 
Korean electronics giant 
Samsung has designed a 
revolutionary magneto- 
optic erasable CD, which 
has sufficient capacity to ~ 
store a full length film on a 
single disk. As a domestic 
TV recording technology it 
looks likely to set a new 
standard which will make 
obsolete conventional VHS 
tape systems. 

Each side of a standard 
13cm CD will be able to 
record 55 minutes of 
video, about 25Gb of data 
per side. This is an enor- 
mous increase on conven- 
tional CDs, which store 
600Mb on just one side. 
The increased capacity is 
due to the much smaller 
track dimensions, made 
possible because green 
laser light has a much 
shorter wavelength than 
that of the infrared lasers 
used on standard CDs. 


’ 


50 calculates up to 50,000 
steps per second. It supports 
full, half and microstep 
drivers, providing absolute or 
relative position commands 
with independent ramping in 
either direction (accelerating 
or decelerating). 


-— SS ee 


he US Department of Energy has 

awarded a major contract for a two 
year project to an industry team that will 
build and demonstrate a novel supercon- 
ducting current limiter prototype device 
for use by electric utilities. 

The DOE, under its Superconductivity 
Partnership Initiative, will give $2.3 million 
to a collaborative team from General 
Dynamics Space Systems Division, 
American Superconductor Corp. and 
Southern California Edison Co. The 


Fast PC based analogue 
simulation 


he new version of the analogue circuit simulation software, 
SpiceAge, from Those Engineers Ltd is over 55% faster and 
is believed to be the fastest Windows based simulator available 


today. 


The new version, V2.080, offers users some important new 
features including a DDE interface (supported by a self running 
demonstration/batch running utility), extra SPICE compatible 
.MOdels, and even better links to the GESCA schematic entry 
system. There are also a great many other improvements and 


additions. 


SpiceAge for Windows has been written by British author 


Prototype superconductor to be built 


remaining $1.1 million will be provided by 
the partners, In addition, Los Alamos 
National Laboratory will receive funding 
under a separate agreement to provide 
technical support. 

A current limiter protects expensive 
electrical equipment by momentarily 
reducing the flow of excessive current 
caused by short circuits, lightning strikes, 
or common power fluctuations. 
Incorporating newly developed high 
temperature superconducting wire tech- 


dissipation, dB 
gain, phase angle, 
group delay, and 
power consump- 
tion. 

For more infor- 
mation on 
SpiceAge, contact 
Those Engineers 
Ltd on 081 906 
0155. 


Graham Baxter and produced by Those Engineers Ltd, a 
company that has specialised in circuit simulation software 


March of the micromachines 


integrated circuits. They are 
made from silicon using litho- 
graphic and etching tech- 
niques and can contain 
dozens of minute mechanical 
components, even micro- 


A round the world, 
increasing amounts of 
money are being spent on the 
techniques for developing 
machines with dimensions 
measured in millionths of a 
meter. 

These micromachines are 
built using the same tech- 
niques employed to construct 


as electronic circuitry. 
So convinced are 
researchers in the United 
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States of the future impor- 
tance of these microma- 
chines, that the government, 


leading micromachine 
research centres, the 
Microelectronics Center of 


nology in the prototype current limiter will 
allow utilities to use smaller, less expen- 
sive circuit breakers and fuses, thus 
lowering their replacement cost. 

Southern California Edison Co, esti- 
mates it could save $7.5 million a year by 
using the superconducting current limiter 
in its power grid alone. U.S. utilities 
potentially could save $100 million per 
year. 


since 1982. It gives users access to a ‘lab full of test equip- 
ment’, which can be used to test analogue circuit designs. 
Users can inject signals, and ‘probe’ for voltages, currents, 


North Carolina or MCNC. 
The MCNC was set up 
over 13 years ago to develop 


through the Advanced advanced semiconductor 

Research Project Agency, technology. Already it has 

has provided significant produced devices for fifteen 
scopic electric motors, as well support for one of the world’s _ separate clients, ranging from 


defence contractors to a high 
school, and with expenditures 
starting as low as $500. 


Continued on page 12 


Continued from page 10 


Capacitors as a source 
of backup power 


lectronics giant NEC has just launched a range of capacitors 
which have been specifically designed to provide backup 
power for devices such as random access memory chips. 

The new Supercaps family have capacitances as high as 
3.1F and are currently available in 5.5V and 11V versions. Since 
a CMOS system only requires tens of microamps to operate in 
standby mode, it is thus possible to replace a stand-by battery 
with a large value capacitor to provide enough power to cover 
even prolonged power supply failure. Thus, a 256Kbit RAM can, 
according to NEC, be supported for 50 hours by a 2.2F 
Supercap. 

Reserve power supplies based on capacitors are easier to 
implement than battery based supplies. The capacitor simply 
being connected across the supply with a current-limiting 
resistor and diode to isolate it from the primary power supply. ft 
is also a lot more reliable, as a capacitor will stand an infinite 
number of charge/discharge cycles, while a NiCd battery will 
survive only a few hundred. 

For more information on Supercaps contact NEC on 0908 
691133. 


New lab power suppl 
fromoO &S sitiad 


rom Cheshunt based O&S __indicated in either analogue or 
Laboratory Products, digital display. 
comes a new stabilised elec- The unit is mains powered 
tronic power supply which and comes with a carrying 
provides a voltage range of O- —_—ihandile to make it easily 
30V DC continuously variable, portable. For further details 
together with an amperage contact O&S Laboratory 
range of 0-3A. The ranges are = Products on 0992 637373. 


Europe and US go for 
digital broadcasting. 


ver the last eight years, the EEC and Europe’s big TV 

manufacturers, the likes of Philips and Thomson, have 
Invested around £500million in the development of high defini- 
tion television (HDTV). The European development was aimed at 
creating a standard system based on traditional analogue 
broadcasting technology, an approach followed by the 
Japanese with even greater investment. 

The US government and US consumer electronics compa- 
nies started development of HDTV at a later date than the other 
two main players, and they also took a different approach. What 
US developers have done is look at an entirely new way of 
broadcasting TV images - the use of digital technology. This 
approach allows TV broadcasting to be merged with computing 
and telecommunications technologies. 

tt has been so successful that the European companies and 
their backers in the EEC have now abandoned their previous 
proposals in favour of a digital system, similar to that developed 
in the US. Even the Japanese are now acknowledging that they 
have made a fundamental mistake and are embarking on a 
crash development of a digital HDTV system. 


ELECTRONICS TODAY INTERNATIONAL 
oo: 12 


The Spark of 
Ingenuity 


People all over the world are becoming increasingly aware of the impact that 
modern society is having on the environment, an impact which ranges from the 
effect of vehicle exhaust pollution, to the destruction of the protective ozone layer 
and global warming, from excessive reliance on fossil fuels, 

to the problem of excessive noise. . 


=> t has to be said that most of 

- the problerhs we now face 

= with environmental destruction 
and pollution of one sort or 


‘another are directly attributable to a 


combination of technological develop- 
ment and over population. But it must 
also be said that they are problems 
which can be overcome with the aid of 
human ingenuity and the application of 
technology. 


Alternative energy to the 
rescue? 

Probably the biggest impact on the envi- 
ronment comes from the enormous use 
of energy in a modem technology based 
society. Energy for transport, for heating, 
for powering all the gadgets which we 
take for granted in our homes and work- 
place. Energy which we use inefficiently 
and which comes from mineral resources 
which are not replaceable. 


ELECTRONICS TODAY INTERNATIONAL 


16 


Inefficiently used fossil energy is a 
prime polluter, leading to hydrocarbons 
and CO2 in the atmosphere, acid rain, 
etc., but this is something which tech- 
nology can help to solve. We can create 
systems which use energy more effi- 
ciently, and we can create systems 
which generate energy using renewable 
non-polluting resources. So called alter- 
native energy sources. 

Some of the most important sources 
of alternative energy are the wind and the 
sun and efficiently harnessing these 
energy sources is a subject which has 
attracted a lot of research over the last 
few years, Solar energy systems to have 
become much more efficient and 
dropped in price enormously, the same 
has been true to a lesser degree for wind 
power. Indeed, the amount of research 
has been sufficient that both solar and 
wind power systems are now serious 
contenders for power generation in many 
parts of the world, particularly the more 
remote areas. 

In the last decade wind generators 
have more than doubled in efficiency and 
their cost has been reduced by a factor 
of three. Solar energy systems have seen 
their efficiencies more than quadrupling, 
and the cost of generating a unit of solar 
electricity dropping by over 90%. 

However, increased efficiency and 
declining costs have not been sufficient 
to promote the mass building of solar 
and wind power plants, and are unlikely 
to do so for many years to come. The 
reason is that not all parts of the world 
are suitable for siting such alternative 
energy power plants. Also, they require a 
lot of land on which to place large solar 
arrays, or windmill farms. This means 
that they need to be put in remote areas, 


far away from the centres of human habi- 
tation and thereby incur enormous over- 
heads in both cost and power loss in 
power transmission between the gener- 
ating site and the users. 

What this means is that the use of 
alternative energy will be different to the 
use of more conventional energy. Instead 
of having large centralised power plants 
and a national grid of electricity transmis- 
sion lines, alternative energy power 
plants will be much smaller and tailored 
to the needs of the individual or the local 
community. Every house may have its 
own wind generator and/or solar panels, 
power sources which, with good insula- 


tion and increased efficiency, should be 
adequate to provide a large percentage 
of the energy requirements of a house- 
hold. Indeed, in Denmark, one of the 
world’s leading users of wind power, 
over 2% of the national power require- 
ment is already met by home based wind 
generators. 

It is the fact that alternative energy 
systems are probably best applied on a 
small scale that makes them of particular 
interest to the electronics hobbyist. A 
wind generator or solar 
panel 


costing a few hundred pounds can 
provide enough power for a caravan, Or 
considerably cut down domestic elec- 
tricity bills. On a smaller scale, these 
technologies could be used to provide 
lighting, and limited power, for a garage, 
garden shed or greenhouse, etc. 

There is no reason why we should not 
all have some form of alternative energy 
generation system. For a modest outlay 
we can save money (it takes about ten 
years to pay back the cost of an alterna- 
tive energy system, after which ail the 
power it generates is free!), and also do 
our bit to’ improve the environment by 
reducing our reliance upon fossil fuels. 


But don’t expect to find such equipment 
in high street shops, they are not yet 
considered ‘commercial products’. 
Instead you will have to sit down and 
design and build your own. 


Electricity from wind. 

In a country like Britain, wind power has 
to be the primary contender for providing 
alternative energy. This 
isawindy) 
country, we 


receive over 40% of Europe's total wind 
energy potential. Already there are 
commercial wind farms generating elec- 
tricity for the National Grid. These can be 
found in the remoter parts of the UK, in 
Comwall, Wales and Scotland, and 
include one of the largest wind turbines 
in the world, 

So how do we convert wind energy 
into electrical energy? The answer is, of 
course, our old friend the windmill. Not 
the windmills of Don Quixote, Texas 
ranches, or Dutch paintings, but modern 
high efficiency designs, based on aero- 
dynamics and computer simulations. 
Instead of grinding grain or pumping 
water, these moder windmills are 
turning high efficiency generators to 
produce electricity. 

The design of a modern windmill, or 
wind turbine as we should more correctly 
refer to it, is intended to extract the 
maximum energy from the wind while at 
the same time not succumbing to poten- 
tially disastrous problems such as vibra- 
tion. Since the power output from an 
electrical generator increases in relation 
to the speed of the shaft's rotation (up to 
a maximum design level) it is important 
that the design works at as high a speed 
as possible in light wind conditions, while 
at the same time being able to withstand 
gale force winds. 

The wind turbine can have a rotational 
axis which is either horizontal or vertical. 
The traditional windmill has a horizontal 
rotational axis with two or more propeller 
type blades. Vertical rotational axis wind 
turbines are much more recent and 
unfortunately still prone to structural and 
control problems, and are also less effi- 
cient than the traditional horizontal 
turbine. The only drawback with a hori- 
zontal axis system is that it must always 
face the wind, 


although 'the traditional 
use of a wind vane is more 
than adequate to ensure 
correct positioning. 

The favourite configura- 
tion for a modern wind 
turbine is to have two 
blades since, this 
produces the highest rota- 
tional speed. The blades 
have an aerofoil section, 
much like an aircraft wing, 
indeed some of the larger 
wind turbines look rather 
like a rotating glider, The 
ideal design will achieve a 
balance between 
maximum lift and minimum 
drag, with the aim of 
ensuring stability and a 
rotational speed which is 
about ten times faster than 
the wind speed. They are 
also designed to start producing power 
with wind speeds of just under 4 metres 
per second, considerably less than the 
average annual wind speed for any part 
of the UK. 

The mechanical power output from a 
given turbine is proportional to the 
square of the blade diameter. This 
means that a 6ft diameter turbine will 
actually produce four times as much 
power as a 3ft diameter turbine. 
However, electrical power output is also 
proportional to the rotational speed of 
the turbine. This means that in order to 


achieve maximum electrical power 
output, it is usually necessary to use 
gearing to increase speed, with conse- 
quent power losses due to friction, etc. 
The problem with wind is that it is a 
variable energy source. In still air, even 
the most aerodynamically efficient turbine 
will hardly be rotating, whilst in a gale it 
may be rotating at a dangerously high 
speed. This means that on all but the 
smallest wind turbines, some form of 
contro! is required to protect the system 
from damage in high winds. On large 


The econo mics of alternative energy 
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commercial turbines this control is 
provided by a computer, which amongst 
other things will feather the turbine 
blades, on small systems some form of 
manual or automatic clutch mechanism 
is essential, 


Solar electricity 

The big problem with solar energy as a 
source of alternative electrical power in 
the UK is that we have so few days per 
annum of bright sunshine. Modern solar 
cells will actually generate power output 


on quite dull days, but the power 
produced will only be a few percent of 
that produced on a bright sunny day. 
However, solar cells do have one major 
advantage over any other alternative 
energy source of electricity. This is that 
they are all solid state, with no mechan- 
ical components and thus extremely reli- 
able, robust, and compact. Ideal for use 


in remote sites, such as unmanned light- 
houses and telephone exchanges. 

At the moment, there is only one real 
contender for the generation of solar 
electricity, the silicon solar cell (see box 
2). Other types of solar cell under 
research are based on semiconductors, 
such as Gallium Arsenide and Cadmium 
Sulphide. Technologies based on organic 
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pigments and an oxygen/hydrogen/water 
cycle incorporating fuel cells are a possi- 
bility for the more distant future. 

A typical 4 x 2.5in monocrystalline 
solar cell will generate nearly 1V at 1/2A 
in full sunlight. Amorphous silicon solar 
cells have a lower efficiency, but single 
cells can be much larger. A typical amor- 
phous cell might measure 12 x 6in and 
output 12V at 125mA. With both types of 
cell, higher voltages are generated by 
connecting numbers of celis in series and 
in parallel. 

A typical solar electricity system thus 
consists of a number of cells wired 
together on a watertight, weatherproof 
panel, placed in an open sunny position. 
In the UK such a panel must be faced 
towards the south and inclined at an 
angle so that it faces the sun and 
receives the maximum solar energy input 
(a rule of thumb is that the angle of tilt 
should be about the same as the angle 
of latitude for the site). 


Alternative energy systems. 
The actual power generating component, 
in both wind and solar electrical power 
generation, form just one part of a larger 
system. The overall system must be able 
to generate electricity, store electricity so 
that it is available when needed and 
convert the low voltage DC battery 
output into a 240V AC mains output, 
which can be used by domestic and 
commercial equipment. 

In a wind generator system the output 


from the generator will be a variable AC 
current, voltage and frequency, with 
output changing as wind speed and 
generator rotational speed changes. 
Because there will be times when there is 
no wind, or the amount of electricity 
being generated is insufficient to meet 
transitory power requirements, a battery 
must be used to store surplus power 
output. Such a battery system is 
connected across the power lines and in 
effect trickle charged, but power cannot 
be taken directly from the electric gener- 
ator. It first needs to all be converted to 
DC by passing it through a rectifier and 
then have the voltage regulated so that 
there is no danger of applying excessive 
charging voltage to the batteries. 

The batteries will probably store 
power at either 12 or 24V and some 
users Of alternative energy systems make 
do with a low voltage DC power system. 
However, it is far more convenient to be 
able to use standard mains voltage 
equipment and this means converting 
low voltage DC into high voltage AC. 
Nowadays high efficiency (about 90%) 
solid state circuitry is used in inverters, as 
opposed to the old use of a 
motor/dynamo couple. An inverter basi- 
Cally just switches the DC input off and 
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on at 50Hz and feeds it through a trans- 
former, which converts 12V into 240V. 
Simple inverter circuits output a square 
wave, as opposed to the sinusoidal wave 
seen in standard AC mains power. 

With solar power there is no need to 
rectify the voltage input from the solar 
célis, since it is already DC. Otherwise, 
there is exactly the same requirements 
for voltage regulation, battery power 
storage and, finally, the creation of 240V 
AC power by an inverter. 


Is alternative energy 
practical? 

The answer to this question has to be a 
qualified yes. In remote areas, alternative 
energy generation systems offer us the 
best way of bringing electrical power to 
individuals and communities located in 
such places. In densely populated cities, 
alternative energy is less economic and 
less practical. There is little room for 
siting large wind turbines or solar cell 
arrays, and placing them well away from 
the cities leads to power transmission 
losses. 

But in a country like the UK, with large 
areas of suburban housing there is prob- 
ably considerable scope for very small 
scale alternative energy generation 
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systems attached to individual houses. If 
individuals in Denmark can produce over 

2%, and rising, of the national power 
consumption then individuals in the UK ° 

can certainly do the same. It is an area 

which offers considerable scope for i 
commercial development, and for the | 
ingenuity of the individual. 
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A low cost Non-volatile RAM 
programmer for micro- 
processor developers by Jason 


ProgRAM 


hen developing code for stand alone micro proces- 
sors, some form of EPROM emulator makes life a lot 
easier. Battery backed RAMs can be used in place of 
EPROMs, but programming them can be a problem. 
This is because most programmers first check 
that the memory is blank and refuse to continue if 
there are not, but ProgRAM provides a very low 
cost solution to this problem. It is designed to be 
plugged into the PC parallel printer port, although 
it should also operate from most parallel printer 
ports with the appropriate cable. 


Centronics Parallel Printer Port 
Lets first look at the connection between the 
ProgRAM circuit and the computer. The standard 
Centronics printer connector is a special 36 way 
connector. Most PC compatibles, however, use a 25 way D- 
type connector. The pin out is shown in Figure 1. This unit 
connects directly to the 25 way connector. 

To restrict the flow of information to slow mechanical 
printers, handshaking is used. First, assuming Busy is low, the 
data is placed on the data lines DO to D7. Strobe is then taken 
low momentarily by the PC. The printer can latch the data on 
the falling or rising edge of this signal. The printer then takes 
Busy high until it is ready for more data. At this point 
ACKnowlege is pulsed low. This signal is useful for triggering an 
interrupt. 

There are three other important signals. PE is taken high 
when the printer is out of paper. SEL is pulled high by the 
printer. ERR is taken low when an error occurs, e.g. out of 
paper, off line, jammed, etc. : 


How It works 

To extract data from the printer port all the unit needs to do is 
assert the correct handshake signals. Figure 2 shows the hand- 
shake procedure and Figure 3 shows the circuit. The falling 
edge of strobe sets an SR flip-flop (IC2a}, the output of which is 
connected to the Busy line. On the rising edge of strobe, the 
data is written into the NVRAM. The rising edge also triggers a 
monostable (IC 1a), which produces a 10uS pulse. The falling 
edge of this pulse increments the address counters (IC4 and 


Fig.1 Centronics 
parallel port 


ICS), and also causes the Busy flip flop to be reset. In turn, the 
falling edge of the Busy line causes monostable IC1b to 
generate a 10uS ACK pulse. 

The address counter is formed from IC4 and IC5. These dual 
4 bit counters are connected to form a 16 bit 
counter, the high bit of the previous counter being 
used to clock the next counter. 

ERR, SEL and /PE are tied to the appropriate 
levels, as described above. 

The unit is reset by pressing S1. This toggles the 
Chip enable line of the RAM and resets the address 
counters to zero. When D2 is alight, the RAM is 
enabled. 

A Switch is included, so 8Kb or 32Kb RAMs can 
be programmed. Close switch S2a and open S2b 
for 32Kb or vice versa for 8Kb RAMs. Some PCs 
have printer ports which can be programmed as inputs. If you 
know how to program them, it is possible to read ROMs with 
this unit by switching S2d on and S2c off (S2d off, and S2c on, 
in norma! operation). 


Construction 
Construction is rela- 
tively straight forward 
if the PCB shown if 
Figure 4. is used. 
Insert the compo- 
nents in ascending 
size order and, when 
assembled, check 
the board for shorts 
caused by excess 
solder. Make sure 
the DIL switches are 
in the position 
required, 

The type of ZIF socket used will depend on how the unit is. to 
be cased, but the unit can be used without a box to keep the 
price low. In this case take care when purchasing the ZIF 
socket. The socket used in the first prototype was made by 
Harwin, The IC is locked by pushing the lever to the right 


Fig.2 Handshake procedure 
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although some ZIF sockets, such as the one 
made by Textoo!, lock using a fever with 
upward motion. This type may catch on the 
25 way socket. If the-unit is to be mounted 
in a case, the ZIF can be elevated, so it 
protrudes from the front of the case, using a 
28 pin wire wrap socket. The Harwin ZIF 
pushes into these sockets like an IC, the 
Textool one doesn’t. It would require 
soldering. 


Testing 

Connect the unit to a stabilised 5V power 
supply. Connect the unit to the parallel port 
of the PC with a 25 way lead terminated 
with 25 way male connectors at each end. 
When the push button is pressed, the LED 
should toggle between on and off. When the 
LED is on, check that all of the address lines 
(AO-A14) are around zero volts. Single bytes 
can be sent to the port from BASIC using 
LPRINT chr$(char), where char is the value 
between 0 and 255 that will appear on the 
data lines. Each time an LPRINT is 
performed, the address should increment by 
one and the data specified will appear on 
the data lines. 


Programming RAMs 

Several suppliers stock non-volatile SRAMs and most of these 
are ordinary SRAMs with a lithium battery and power down 
circuitry stuck on the top. The lithium batteries have an ; 
expected life of approximately 10 years. This should be remem- 
bered when you see cheap surplus devices advertised. . 

If you have a file containing the data you wish to program 
into the RAM, this can easily be done from MS-DOS. Tum 
ProgRAM's power off and insert the RAM. Restore power and 
press the button until the LED comes on. On power on, the unit 
is often in the correct state, but If the LED was on at power up, 
press the button twice anyway to make sure. At the DOS 
prompt type: 


C:\> COPY file#LPT1:\b 


ff 


ie 
j 
i 
i 
i 


i 
| 
i 
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Fig.4 ProgRAM PCB and component overlay 


This will program the RAM in three seconds or less, depending 
on the size of the file. The \b switch tells DOS to send a binary 
file. If omitted, only the data up to the first Controt Z character 
will be sent. If CP/M is being used, PIP can perform a similar 
function to copy. From BASIC, LPRINT can be used to program 
bytes, as described above. 

Note that if the program is larger than the capacity of the 
RAM, the address counters will oop and overwrite the data at 
the start. This could be prevented with some additional logic by 
using the highest bit of IC5 to disable the RAM. 


* CAPACITORS 
C1,C2 1nF Poly. 
C3 1uF Elect. 
C4,C4,C6 0.1u.F (Decoupling) 
RESISTORS 
R1,R2 18k 
R3,R8,R14 1k 
R4,R5 2k2 
R6 220R 
R7,R9,R10-12 10k 
R13 180R 

EMICONDUCTORS 

TRI BC548 
D1 1N4148 


74LS1 23 (dual monostable) 
74LS74 (dual d-type) 
74LS14 

74LS393 (dual 4 bit counter) 


MISCELLANEOUS 

28 Pin Zif socket 

4 way DIL switch (or solder links can be used). 
Push button 

25-D way socket, PCB mounting 
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Fig. 1 Pulse Generator block diagram 


Build Robert Penfold’s latest test 
project, a handy logic pulser 


logic probe is probably the most useful piece of 
ey inexpensive test gear for the logic circuit 

experimenter, but a logic pulser comes in 
as a close second. 

A logic pulser is the digital equivalent of 
the audio engineer's sinewave/squarewave 
generator. In its most simple form, a pulse 
generator consists of a probe type device 
which produces a low frequency output 
signal at TTL logic levels. Some devices of this 
type also have the ability to produce a single 
output pulse each time a push-button is oper- 
ated. 

More sophisticated pulsers are in the form of normal bench 
units which can produce a wide range of output pulse durations virtually any 


and repetition rates. The most refined logic pulse generators desired mark-space 

have complex digital control circuits and can provide virtually ratio. 

any desired pulse waveform with an extremely high degree of 

accuracy, obtained by using a crystal reference oscillator to Mark Time 

govern the timing of the output signal. Many pulse generators operate on the basis of having the user 
The pulser described in this project is a bench unit of the set an output pulse direction and a repetition frequency (e.g. a 

non-crystal controlled variety. It provides a wide range of output 10s pulse at a frequency of 10kHz). This unit uses the alterna- 

pulse durations and frequencies and although it lacks crystal tive method of having the mark and space times individually 


adjustable. This sometimes requires a little more 
thought in order to get the required output signal, 
but with a little practice it becomes second nature. 

In the example given above, a 10s pulse rate of 
10 kHz is clearly a 10ps pulse every 100s. The 
mark time is therefore 10us, and the space time is 
90s (100us minus 10us). The unit is easier to use if 
you think directly in terms of mark and space times, 
but it is not usually too difficult to convert pulse 
durations and frequencies into mark and space 
times. 

An advantage of having adjustable mark and 
space durations is that there is no risk of acciden- 
tally setting a nonsensical output waveform, such as 
a 100ms pulse at a frequency of 1MHz. Any output 
waveform that can be set on the controls can actu- 
ally be generated. The mark and space times are 
each adjustable from approximately 110ms to tps 
in five ranges, as follows. 


precision, it is adequate for much logic testing and development Range1  ipsto 11ps 
work. There are separate TTL and 5V CMOS outputs so that Range 2 10us to 110us 
the unit is fully compatibility with a wide range of logic circuits. Range3 100yus to 1.1ms 
Anti-phase outputs are available at both TTL and CMOS levels. Range 4 imsto1ims 
The unit can therefore provide two-phase clock signals having Range5 10ms to 110ms 
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This equates to a frequency range of about 4.5Hz with both 
times set at maximum, to 500kKHz with them both set at the 
mimimum value. Clearly a very wide range of mark-space ratios 
are possible. In fact mark-space ratios as extreme as 100000:1 
and 1:100000 can be generated. 


System Operation 

The circuit is based on two monostables which are used in a 
form of ring oscillator. The block diagram of Figure 1 helps to 
explain the way in which the unit functions. Both monostables 
operate in the negative edge triggered mode. In other words, 
they are triggered by high to low transitions at the trigger inputs. 
Once triggered, an output pulse is produced and the length of 
this pulse is controlled by a C-R timing circuit. 

The Q output of the first monostable connects to the trigger 
input of the second monostable. Similarly, the Q output of the 
second monostable is coupled to the trigger input of the first 
one, As the output pulse from the first monostabie finishes, it 
provides a negative edge which triggers the second mono- 
stable. When the output pulse from the second monostable 
ends, it produces a negative edge which triggers the first mono- 
stable. The circuit therefore oscillates indefinitely, with the two 
monostables continuously triggering each other. 

There is a small flaw in an oscillator of this type in that it is 
not guaranteed to start-up at switch-on. In many cases this will 
happen due to the production of spurious trigger pulses, but 
initial triggering is dependent on how fast and how cleanly the 
supply is introduced to the circuit. To ensure correct starting 
every time, a crude but effective start-up trigger circuit is used 
to prod the first monostable into action. 

Another slight fault with this type of oscillator is that over- 
loads on the output can result in it stalling. In practice this is not 
likely to be a problem, since removing an overload is almost 
certain to trigger the oscillator back into action. However, if 
oscillation should be suppressed, simply switching the unit off 
and then turning it back on again will spur the circuit back into 
oscillation again, 

A ring oscillator of this type is well suited to pulse generator 
applications because it gives easy control of the mark and 
space times. The mark duration (the time during which the Q 
output is high) is controlled by the timing circuit of the second 
monostable. The timing circuit of the first monostable controls 
the space duration. In Figure 1, the mark and space times are 
shown as being controlled via two variable resistors. In the 
practical circuit there are also five switched timing capacitors. 
These provide the unit with its five timing ranges for each output 
half cycle. 

The circuit is based on a TTL dual monostable and this obvi- 
ously provides outputs that are fully TTL compatible. The Q and 
not Q are fed to CMOS buffers in order to provide fully CMOS 
compatible outputs. Note that the unit has a 5V power supply 
and that the CMOS outputs are therefore at 5V logic levels. 
Consequently they are not compatible with CMOS circuits 
which operate at a supply potential of other than 5V. 


The Circuit 

The full circuit diagram for the pulse generator appears in Figure 
2. IC1 is a 74LS221 dual monostable and this contains two 
identical monostable circuits which have positive and negative 
inputs. In this case the positive trigger inputs are not needed 
and are simply wired to the positive supply rail. Each mono- 
stable also has a reset input. Taking the appropriate reset input 
low results in output pulses being brought to an immediate end. 
Again, these two inputs are not required in the present applica- 
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Fig. 2 Pulse Generator circuit 
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S1 and S2 are respectively the space and mark range 
switches. Each of these switches controls a bank of five timing 
capacitors. Although it might appear that C2 and C7 should 
have a value of 68p, a value of 56p does in fact give much 
better accuracy. The missing 12p of capacitance is provided by 
the self-capacitance of IC1. VR1 and R@ are the timing resis- 
tance for the first monostable - VR2 and R4 provide the same 
function in the second monostable. VR1 and VR2 enable the 
space and mark times to be adjusted over the approximate 
ranges specified previously. 

TR1 is used in a simple timing circuit that briefly short circuits 
pin 14 of IC1 to earth at switch-on. This ensures that the circuit 
is spurred into oscillation at switch-on, IC2 provides the CMOS 
buffers, which are actually pairs of 2 input NOR gates wired to 
act as non-inverting buffers. The TTL and CMOS output signals 
are fed to separate pairs of output sockets, making all four 
output signals available simultaneously. 

The circuit requires a well established 5V supply and this is 
obtained from a 9V battery via a small 5V monolithic voltage 
regulator (IC3). The supply current is about 15mA, which is high 
enough to necessitate the use of a medium capacity battery. 
Probably the best choice is six HP7 size cells in a plastic battery 
holder. There is no need to use any form of high power cells, 
and any cheap HP7 size cells should be perfectly adequate. 


Construction 

The diagram in Figure 3 shows the component layout for the 
pulse generator printed circuit board. IC2 is a CMOS device and 
the usual anti-static handling precautions should be taken when 
dealing with this component. This includes using a DIL inte- 
grated circuit holder for the device. In fact, | would recommend 
the use of a holder for |C1 as well. Do not overlook the two 
wires just to the right of IC1. Fit single-sided solder pins to the 
board at the seventeen points where connections to off-board 
components will be made. 

The prototype is housed in an inexpensive metal instrument 
case which measures about 200 x 130 x 50mm. On the face of 
it this is far larger than is really necessary, but the five controls 
and five sockets need a fair amount of panel space, which 
precludes the use of a really small case. Even using a medium 
size case | found it necessary to relegate the five output sockets 
to the rear panel. | used 4mm sockets for SK1 to SK5, but 
practically any sockets are adequate for this application. The 
front panel layout is not particularly critical, but use one that 
avoids the need for a lot of long wires criss-crossing one 

another. P 


Mount the printed circuit board at roughly the middie of the 
base panel using plastic stand-offs, 6BA fixings, or metric M3 
fittings. If GBA or M3 fixings are used, spaces about 6 to 12mm 
long must be included, so that the connections on the under- 
side of the circuit board are held well clear of the metal case. 
The hard wiring is then added. Details of this wiring are provided 
in Figure 4, which should be used in conjunction with Figure 3 
(e.g. point A in Figure 3 connects to point A in Figure 4). 

As will be apparent from Figure 4, the range capacitors are 
mounted on $1 and S2 and not on the printed circuit board. 
This minimises the amount of wiring from the circuit board to 
the controls, which in turn minimises stray capacitances. 

Fitting the capacitors Is easier if axial lead capacitors are 
used, rather than vertical mounting printed circuit types. It is 
possible to use printed circuit mounting capacitors, but it will 
probably be necessary to bend the lead out wires outwards at 
right angles before soldering them in position. The forming of 


- the lead outs must be done very carefully; since the lead out 


wires are easily detached from many types of printed circuit 
mounting capacitor. The tags of the switches and the ends of 
the capacitors’ lead out wires should be well tinned with solder, 
prior to fitting the capacitors onto the switches. There should 
then be no difficulty in mounting the capacitors on the switches. 

S1 and S2 are 12 way single pole rotary switches having an 
adjustable end-stop. In this case, the end-stops are set for five 
way operation. The connections to the battery holder are made 
via an ordinary PPS style battery clip. 


nea 
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Fig. 3 PCB Component layout 


Testing And Use 

Ideally an oscilloscope should be used for testing the unit. It is 
then just a matter of checking that four main controls provide 
the correct output times and that all four outputs are providing 
proper signals. Bear in mind that the quoted times for each 
range are only approximate, and that the tolerances of the 
timing components will result in small but significant variations 
from one unit to another. 

There will also be small discrepancies from one range to the 
next. Using 5% tolerance components for C2 to C11 keeps 
discrepancies within reason, but 1% capacitors must be used if : 
a high degree of consistency is required. Bear in mind that the 
CMOS and TTL outputs operate at significantly different logic 
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voltages. The CMOS outputs 
should provide signals at about 
5V peak-to-peak. Expect the 
signals on the TTL outputs to 
be at a much lower level (prob- 
ably no more than about 3V 
peak-to-peak). 

If access to an oscilloscope 
is not available, monitoring the 
outputs with a crystal earphone 
will give a good idea of whether 
or not the unit is functioning : 
correctly. A full range of audio tones should be availabie, plus 
low frequency clicks and buzzes with the controls set for mark 
and (or) space times. Short pulsed waveforms give a thin 
sound, while a mark-space ratio of about 1:1 gives a much fuller 
sound, 

With short mark and space times the output frequency will 
be beyond the upper limit of the audio range, and completely 
inaudible. A multimeter set to a low voltage range can be used 
to check the output at high frequencies. The multimeter will 
register to the average output voltage. 

With a mark-space ratio of 1:1, the output voltage at the 
CMOS outputs should be haif the supply voltage (2.5V). Higher 
mark-space ratios give higher voltage readings - lower mark- 
space ratios give lower voltage readings. For example, with a 
1:10 mark-space ratio the output is high for only one eleventh of 
the time, so the average output voltage is only 0.45V (5 divided 
by 11 = 0.45). The not Q output is the complement of the Q 
output, and the mark-space ratio here would be 10:1. With this 
output high for ten elevenths of the time, this works out at an 
average potential of 4.54V (6V x 10.= 50 volts, 50 volts divided 
by 11 = 4.54 volts). 

Due to a lack of symmetry at the TTL outputs the mathe- 
matics are less convenient. However, changes in the mark- 
space ratio should produce clear changes in the average output 
voltages. If the CMOS output signals are present and correct it 
is highly unlikely that there will be any problems with the TTL 
output signals. 


If the unit is to-be used alongside an oscilloscope, it is not 
really necessary to bother about calibrated scales around the 
control knobs of VR1 and VR2. Much better accuracy will be 
obtained by using the oscilloscope to monitor the output wave- 
form and then setting the controls for the required mark and 
space durations. If calibrated scales are required, ideally an 
oscilloscope should be used to aid the location of precise cali- 
bration points. The only alternative is to use a guesstimated 
scale, but it is unlikely that this will give reasonable accuracy. 


| Fig. 4 Details of the hard wiring 


Note that the output of this unit should not be connected'to 
a logic output in the test circuit. Where necessary, the inte 
grated circuit providing an existing clock signal should'be 
removed before the pulse generator is connected to the test 
circuit. Do not overlook the usefulness of the unit's low output _ 
frequencies. By operating the test circuit at a low frequency it is 
often possible to check its operation by using a logic probe or 
some LED indicators to monitor the logic levels at strategic 
points in the circuit. 

If you are used to working in terms of pulse times and repeti- 
tion frequencies, it is worth remembering that the reciprocal of: 
the frequency in Hz, KHz, and MHz gives the duration of one 
cycle in seconds, milliseconds and microseconds respectively. 
For example, a frequency of 4kHz works out at 0.25ms per 
cycle (1 divided by 4kHz = 0.2ms). 


RESISTORS (All 0.25W 5%) 


R1 10k 
R2 47k 
R3 22k 
R4 22k 
RV1 220k lin carbon 
RV2 220k lin carbon 
| CAPACITORS 
C1 1 63V radial elect 
C2 56p polystyrene 5% 
C3 680p polystyrene 5% 
C4 6n8 polystyrene 5% 
C5 68n polyester 5% 
C6 680n polyester 5% 
C7 _—56p polystyrene 5% 
cs 680p polystyrene 5% 
cg 6n8 polyester 5% 
C10 68n polyester 5% 
C11 680n polyester 5% 
C12 100n disc ceramic 
C13  100n disc ceramic 
SEMICONDUCTORS 
TR1 BC549 
C1 74LS221 
IC2 4001BE 
IC3. _uA78L05 (5V 100mA positive regulator) 
MISCELLANEOUS 
$1 12 way 1 pole rotary (set for 5 way operation) 
& S2 12 way 1 pole rotary (set for 5 way operation) 
$3 SPST miniature toggle 
SK1-SK5 4mm sockets (5 off) 
B1 9V (6 x HP7 size cells in plastic holder) 


PCB, instrument case about 200 x 130 x 50mm, battery 


connector (PP3 type), control knob (4 off), 14 pin DIL holder, 


16 pin DIL holder, solder pins, wire, solder, etc. 
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A handy aid for the 
car enthusiast, 
from Terry Balbirnie 


he Motor Mate should prove to be a useful device for 
anyone who works on automotive type electrical 
~ systems. In this category we can include not only car 
owners, but also motorcycle, caravan and boating enthusi- 
asts. The Motor Mate combines three functions - a voltmeter 
covering the range 9 to 14V, a low resistance, or continuity 
tester, which operates a buzzer when resistance is less than 10 
ohms, and lastly a no continuity tester which sounds the buzzer 
when resistance is below 20K ohms. 

The Motor Mate voltmeter gives the user a handy way of 
checking if battery voltage exists at fuses, switches, 
lamphoiders, etc. It can also be used to test for excessive 
voltage drops due to a wire being too thin, or as a result of 
loose connections, or corrosion. The low-resistance buzz-test 
may be used to test lamp filaments, fuses, motor windings, etc. 
and also to check lengths of wire where there is a suspected 
break. The high-resistance test is used chiefly for checking igni- 
tion leads and certain lamp filaments. 

Motor Mate is built in a small plastic box, which houses the 


| Fig. 1 Motor Mate buzz test section 


Motor Mate 


i 


circuit panel and a 9V battery to power the buzz-test section. A 
pair of short wires on top connects a component for the buzz- 
test and a rotary switch is used to switch the unit off and on, as 
well as selecting the high or low resistance test. A pair of 
sockets on the side connects the voltmeter. 


At the bar 

The Motor Mate ‘voltmeter’ is not really a meter in the traditional 
sense. It takes the form of a bar graph display, which shows 
through a hole in the lid of the case. Thus, a row of ten hori- 
zontal LED bars light up one by one as the voltage applied to 
the input sockets increases, In the present circuit, these operate 
in approximately half-volt steps. Although the resolution and 
range are not good enough for general electronics use, this 
arrangement is adequate for most automotive purposes. 

This type of meter is much more robust than a pointer-on- 
scale instrument and less expensive than a digital one. Also, the 
LED bars are easily seen in poor lighting conditions. The volt- 
meter draws approximately 30mA at 12V, so it cannot be 
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described as a high resistance instrument by any means. 
However, for the present purpose, this does not matter and is 
usually'an advantage because it imposes a load on the circuit. 
Sometimes fuses and corroded wires assume a very high resis- 
tance rather than a complete open circuit when they fail. A 
digital meter having an input resistance of some 10Mohms 
could therefore give a reading through such a high resistance 
which would be confusing. 


My resistance is high 
Car ignition leads carry current at a very high voltage from the 
ignition coil output to the electrodes in the distributor cap. A 
rotor arm then distributes the current to the appropriate lead, 
which is connected to the top terminal of the spark plug. 
Current completes the circuit back to the coil via the vehicle 
frame or chassis. The ignition leads are made with a high resis- 
tance to suppress TV and radio 
interference. This will have little 
effect on the current producing 
the spark, since the voltage 
supplied by the coll is very high 
(tens of thousands of volts). 
ignition leads are a common 
cause of engines misfiring and 
being difficult to start if their 
resistance becomes much higher 
than the nominal value, because 
this reduces the current. This 
may happen if they have been 
handled carelessly - possibly by 
pulling on them to remove the 
caps from the spark plugs - or it 
could be due to corrosion or 
simply through old age. The high 
resistance check can be used to 
identify faulty leads which may 
then be replaced singly, a much 
cheaper exercise than replacing 
them all at the same time. 

As well as being suitable for 
automotive use, the buzz-test can be used around the house 
for checking fuses, switches, etc. Since the current requirement 
is only 20mA on the low resistance test under short-circuit 
conditions (the worst case), and only 1.6mA while switched on 
but not actually in use, the battery will have a long life. 

The two sections of the circuit - voltmeter and buzz-tests - 
are described separately. To avoid confusion, components are 
numbered sequentially, beginning in the buzz-test section and 
continuing in the voltmeter. It is not necessary to understand 
how Motor Mate works in order to construct it and readers who 
wish to go on to Construction may simply omit the next section. 


Circuit description 

The buzz-test section of Motor Mate is shown in Figure 1. The 
chief component is IC1, an operational amplifier which is used 
as a voltage comparator. Thus, If the voltage applied to its 
inverting input (pin 2) exceeds that at the non-inverting one (pin 
3}, the output (pin 6) will be low. If the inverting input voltage is 
less than the non-inverting one, pin 6 will be high and buzzer, 
BUZ1, will sound. 

Pin 3 is maintained at one-half supply voltage by the poten- 
tial divider, consisting of equal-value resistors R5 and R6. The 
various other resistors to the left of this form further potential 
dividers - one set for the low resistance test and another for the 
high one, as selected by switch S1. The conditions for the op- 


amp to switch on and hence the buzzer to sound is met when 
the resistance of the lower arm is less than that of the upper 
one. 
Switch S1 is a 4-pole 3-position switch. In this circuit, only 
three of the poles are used, these being referred to in the text 
and diagrams as Sta, b and c. Poles a and b are responsible 
for the switching between high and low buzz-tests and pole c 
simply provides an on-off function. 

Suppose S1 is set to high. $1 pole b connects IC1 inverting 
input via R8 to the potential divider, consisting of preset poten- 
tiometer RV1 with fixed resistor R1 in series as the upper arm. 
The component under test is connected via S1 pole a to test 
points T1 and T2, this forming the tower arm of the potential 
divider. Suppose RV1 wiping contact is set to approximately 
mid-track position. The total resistance of the upper arm will be 
around 25kW. The buzzer will therefore sound if the test 


Fig. 2 Motor Mate voltmeter section 


component has a resistance less than this figure. By suitable 
adjustment of RV1, the threshold resistance may be set 
anywhere between 5kW and 50kW approximately. 

A similar situation occurs with S1 set to low, but now S1b 
connects RV2 in parallel with R4 and R2 in series in the upper 
arm. The lower arm consists of fixed resistor R3 in series with 
the component under test. The purpose of fixed resistors R2 
and R3 is to limit the current flowing in the potential divider and 
so prevent excessive drain on the battery. The purpose of Ré is 
to effectively reduce the value of RV2, since very low preset 
values are not available from all suppliers. Adjustment to RV2 
will allow operation of the low-resistance buzz-test at any point 
below approximately 50W. 

The voltmeter section of Motor Mate is shown in Figure 2. 
Current is supplied via fuse F1 from the car battery powering 
the circuit under test and connected to the input terminals. 

The circuit centres on bar graph driver 1C2 and the bar graph 
display itself, IC3. IC2 is a complex device containing a set of 
ten voltage comparators. When the voltage applied to the input, 
pin 5, is increased, the comparators operate one by one and 
the outputs, pin 1 then 18 to 10, go low in turn. Current then 
flows from the supply though the appropriate light-emitting 
diode bar in iC3 to sink into the corresponding IC2 output. 

As it stands, the first bar would light when the voltage at pin 
5 reached 0.125V and successive ones with each further 
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balance of the supply voltage will exist across R12 and it is this 
which is monitored by the rest of the circuit. Taking into account 
the 0.7V, approximately, which exists across input diode D1, 
Zero volts will exist across R12 with an applied voltage of about 
8.4V and the first segment of the display will light about 0.5V 
higher than this - i.e. at about 9V, which is convenient for the 
purpose. 

It is necessary for the bars to light up in approximately 0.5V 
increments. This means that the existing 0.125V steps must be 
scaled by a factor of four. This is the purpose of preset poten- 
tiometer RV3 and fixed resistor R13. By adjustment to RV3, a 
certain fraction of the voltage appearing across R12 is applied 
to IC1 pin 5. R13 limits the range of adjustment. 


Construction 

Construction of Motor Mate is based on a single-sided PCB. 
Figure 3a shows topside details (parts placement diagram) while 
Figure 3b shows the underside (copper foil) view. Both sections 
- voltmeter and buzz-test - are separately formed on the one 
panel. 

Prepare the board by drilling the four mounting holes in the 
positions shown. Add the soldered components in the following 
order. Firstly, the IC sockets, then the presets and all resistors 
and capacitors, taking care over the polarity of C1 and C3. 
Solder ZD1 into position (see pin diagram) and diode D1, but do 
not insert the ICs into their sockets yet. Add the buzzer 
observing the polarity - this is marked on the plastic underside. 
Solder 15cm pieces of stranded connecting wire to the labelled 
pads in the diagram but not to the one marked BATT1. Using 
different colours of wire will help in avoiding errors which may 
be difficult to track down later. 

Solder the negative wire of the PP3 battery connector to the 
pad marked BATT1. Adjust all presets to approximately mid- 
track position. Finally, insert the ICs, observing the orientation. 
Note that IC1 and IC2 are CMOS devices and possibly liable to 
damage by static charge which may exist on the body. To avoid 
problems, do not touch the pins when unpacking them or 

Fig. 3 PCB component layout inserting them into their holders. Alternatively, touch something 
earthed - such as a water tap - just before doing so. IC3 may 
0.125V. Thus, the second bar would light at 0.25V, the next at be handled freely. Unfortunately, its orientation is not obvious 


0.375V and so on. The tenth one would therefore operate at and it will not work if connected the wrong way round. In the 

1.25V. Since the required range of voltage is from about 9V to prototype unit the identifying lettering was on the right-hand 

14V, this would make IC‘ as it stands unsuitable for the side of the body. 

purpose, The circuit panel is attached to the lid as shown in the photo- 
The behaviour is modified by using ZD1 and associated graph. Carefully measure the position of the bar graph display 


components. ZD1 is an adjustable Zener 
diode. Not only is its performance superior to 
an ordinary Zener diode but its breakdown 
voltage can be accurately set by connecting 
two external resistors, R10 and R11, to the 
reference (r) pin as shown. With the values 
used here, the breakdown voltage is 7.7V 
approximately. For readers wishing to alter the 
voltage, perhaps to use the voltmeter for 
some other purpose or to set the low oper- 
ating point more accurately, the formula giving 
the output voltage is:- 


V = 2.75(1 + R10/R11) 


This voltage will then exist between ZD1 
anode {a) and cathode (k) as long as the 
supply exceeds this. ZD1. operates in conjunc- 
tion with series resistor, R12. Since there is a 
constant voltage across the Zener diode, the 


Fig. 3 Hard wiring 
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and the mounting holes, and mark them on the lid. Make the 
holes for these and, using thin nylon bolts, mount the circuit 
panel temporarily in position. In the prototype unit it was found 
that no spacers were needed on the bolt shanks because the 
presets and capacitors on the board provided the right amount 
of clearance so that the face of the display ended flush with the 
case. However, use some plastic spacers if necessary. Remove 
the circuit panel again - this is necessary so that the other 
holes may be drilled safely and also to enable adjustments to 
the presets to be made later 

Drill the hole in the lid for rotary switch S1 and for the smail 
bolts which will be used for the buzz-test wires - more will be 
said about this later. Drill two holes in the side of the box for the 
4mm voltmeter sockets. Drill the holes in the side for fuse holder 
F1 and in the base for the PP3 battery holder. 
Drill a few small holes above BUZ1 position for 
the sound to pass through. Mount all compo- 
nents but not the circuit panel and, referring to 
Figure 4, and complete all internal connections 
shortening any wires as necessary. Note that 
S1 is shown disproportionately large for clarity. 
The numbers and letters are conventional and 
found inscribed on most switches of this type. 
On completion, the use of small cable ties will 
tidy up the wiring by grouping it into neat 
bundles. 

In the prototype unit, the buzz-test connec- 
tions were made using two small nuts and bolts, each with a 
solder tag Inside and outside the box. The external solder tags 
are used to connect short test leads. This method has the 
advantage that the leads can be bent to make contact with a 
wide variety of lamps, fuses, etc. Also, they are easily replaced 
when they eventually break. In the prototype, 22 swg tinned 
copper wire was used, but cut-off pieces of paper clip or 
resistor ends would probably serve just as well. A length of one 
inch (25mm) will be found convenient. A little heat-shrinkable 
sleeving used on the soldered ends is cosmetic, but makes the 
device look more professional. 


Adjustments 

The best way to set up the ‘voltmeter’ is to use a variable 
voltage power supply unit and a conventional voltmeter. If this 
equipment is not available, you will have to make do with a 12V 
battery - say a 9V battery connected in series with two 1.5V 
cells. In the absence of a voltmeter, you will have to assume 
that the batteries have their nominal voltage. Make up a pair of 
leads for the voltmeter terminals. These will have 4mm plugs on 
one end and possibly small crocodile clips on the other. It would 
also be possible to use standard 4 mm test meter probes. To 
some extent, the design and length will depend on the antici- 
pated use. 

If a variable output mains-operated power supply is being 
used, connect it to the voltmeter sockets, observing the 
polarity. Begin at zero and gradually increase the voltage. The 
first bar of the display should light at about 9V. Continue to 
increase the voltage and note that the segments light one by 
one. Adjust RV3 so that the last one comes on at 14V. Do not 
exceed 15V at any time. Note that there is a slight overlap built 
into IC2 operation so it is possible for two bars to light at the 
same time. 

If you are using a 12V battery, connect it to the voltmeter 
terminals and adjust RV3 so that the 6th or 7th segment lights 
up. If the true voltage can be checked with a voltmeter so much 
the better. Note that when RV3 is adjusted for the required high 
point, this will alter the low point slightly. However, there should 


looking at flat of 
body 
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be no problem in adjusting it to a suitable compromise position. 
At this stage it would be a good idea to make a rough voltage 
scale. Do not aim for high accuracy here - the prototype 
covered 9 - 14V in a slightly non-linear way. 


Buzz tests 

Connect BATT1 and switch S1 to low. Hold the 10W test 
resistor onto the test points and adjust RV2 until the buzzer 
sounds. It could be arranged to operate at any resistance below 
about 50W by using the appropriate test resistor. 

The high resistance buzz-test is similarly adjusted using, say, 
a 22kW resistor in the test position. Set S1 to high and adjust 
RV1 until the buzzer sounds. The resistance of most car ignition 
leads is around 5kW per foot (80cm) of length and adjustment 
to 20 - 30kW will be found to work well in practice. 

It only remains to fit the circuit panel into position and make 
permanent labels for the voltmeter scale and switch. Fit the lid, 
checking carefully for trapped wires. Stick plastic feet on the 
bottom of the case if necessary. Note that very low-power 12V 
bulb filaments and most mains lamps have a cold resistance 
higher than 10W. When checking such lamps use the high- 
resistance buzz- test. Remember, after using the buzz-test, to 
switch the unit off or the battery will soon be drained. 


‘RESISTORS 

2 Ri 4k7 

“m R2 ~~ 180R 

FI R3 = 220R 

@ R4 = 100R i 

a R5,6 47k 

= R7 1M j 

g R8,9 100k : 

RIO 18k 
Rit 10k i 
R12 470R ‘ 
R13 22k i 
R14. 1k ; 
RV1 47k i 
RV2 470R 
RV3 22k i 


Additional 10W and 22kW resistors required for i 
testing purposes - see text. i: 


CAPACITORS i. 
C1,3  220uF 16VW Hi 
C2 100n 
SEMICONDUCTORS 
D1 1N4001 
ZD1  =TL430 adjustable Zener diode 
IC1 CA3140E 
C2  _LM3914 bar graph driver 
IC3. 10 segment red bar graph display 
MISCELLANEOUS 
$1 3-position.4-pole rotary switch 

break-before-make action. 
BUZ1 PCB mounting solid-state buzzer 


3 - 24V operation. 23mm diameter 
FA 250mA 20mm fuse and chassis fuseholder 
BATT1 PP3 battery, connector and holder 
Plastic box 118 x 98 x 48 mm external 
8-pin dil socket, 18-pin dil socket, 20 pin dil socket. 
4mm sockets 
Solder tags - 4 off. 
Small nuts and bolts. 


Lets go fishing 


Andrew Armstrong helps solve an ETI reader’s fishy problem 


in Germany. The reader, Andrew Mathison of Echzell- 

Bisses, is interested in angling as well as in electronics, 
and would like to build a fish-bite detector. He owns one at 
present, which he thinks is too costly, so instead of buying a 
second one, he wants to build one for himself. 

His present detector uses an idier-wheel with magnets fitted 
around it close to the rim, as shown in Figure 1. A reed switch is 
mounted so that the magnets can activate it as they pass. 
Because a number of magnets are fitted to the wheel, only a 
small movement of the fishing line is needed to make the reed 
switch operate. The magnets need to be light and numerous for 
the best performance. 

He goes on to say that his commercial bite detector uses a 
4538 chip and that, when a bite is detected, there is a 0.5 
second bleep generated by a Piezo sounder. A light-emitting 
diode is switched on for between 10 and 15 seconds, as well, 
in order to show which detector (if several are in use) has 
detected a bite. 


W e had an interesting query recently from an ETI reader 


Fig. 1: Sensor wheel 


Not one to leave anything to chance, Andrew wishes to add 
a further refinement: the ability to choose the frequency of the 
tone, so as to identify which bite detector has operated audibly, 
as well as visually. 

According to my data book, the 4538 is a dual-precision 
CMOS monostable, which would seem the obvious chip to use 
for this kind of job. It can be triggered either by a negative-going 
clock edge on the B input, or a positive-going edge on the A 
input. There is no upper limit on the output time duration, 
except that imposed by practical capacitor and resistor values, 
so a 10 second time period is easily obtainable. 

Figure 2 shows a suitable design employing the 4538. No 
on-off switch is shown in this design, because the quiescent 
current consumption is so low that the switch is unnecessary. 
The circuit is shown as being powered from a 5V supply, but 
this type of CMOS chip will work over a voltage range of 3 to 
18V, so in practice a set of four AA-size batteries in series will 

form a suitable power supply, giving 6V when the batteries are 


new. 

When the wheel turns and.the reed switch closes, both 
monostablies are triggered. The first monostable has a time- 
constant, given by R2 and C2, of 10.34 seconds. One of the 
design features of the 4538 is that its a time period is 
equal to the RC time constant. 

The LED is driven directly by the output of the first mono- 
stable, with a current-limiting resistor to save components. A 
low-current LED, which gives a good brightness with a current 
of around 3 mA, should be used. The Hewlett-Packard HLMPK 
150 is particularly suitable for this job. If this is not bright 
enough, or if a low-current LED is not available, then a small 
mosfet should be used to drive a higher-current LED. One 
example of a suitable mosfet would be the VN10, 

The second monostable has a time-constant of 470 millisec- 
onds and its output drives one of the gate inputs of a conven- 
tional CMOS oscillator. The frequency of this oscillator may 
conveniently be chosen by selecting a suitable value for R6, the 
approximate output frequency being given by 1/(2.2*R*C), The 
output from the oscillator is fed via a capacitor with a bleed 
resistor to OV, to avoid applying DC to the Piezo-electric 
sounder. Most Piezo-electric sounders have a specific resonant 
frequency and the oscillator frequency should be chosen to 
match this. Maplin stocks transducers, resonant at 1.8 kHz, 2.8 
kHz and 4.2 kHz, as well as stocking one which can operate, 
though with lower efficiency, over the range 750 Hz to 20 kHz, 
This particular range of sounders is not encased, and should be 
mounted on a suitable surface to act as a sounding board. 

An alternative sounder output is provided in case a higher 
volume is required, or for use on lower voltages. This operates 
symmetrically, so DC blocking is not required. The apparently 
complicated gating arrangement is used to lock the output to 
logic O rather than logic 1, when the sounder is not activated, to 
avoid placing a continuous DC voltage across it. 

This fish-bite detector will cost a lot less than the £40-£100 
which they apparently cost in. Germany. It does use high imped- 
ances, in order to keep current consumption low and to allow 
practical-sized timing capacitors, so care must be taken to 
house it so that water ingress is prevented. Because it is to be 
used beside a river and could be dropped into the water, it is 
probably best to encapsulate the circuit board once everything 
is working. In my experience, some epoxy encapsulants can 
slowly absorb water, interfering with the operation of high 
impedance circuitry. | therefore recommend a two-part silicone 
rubber encapsulant or, if this is not obtainable, a thick layer of 
spray-on conformal coating. 

This is a simple unit which should present few problems and, 
to my mind, the only difficult part is the mechanical bit. Do 
remember, however, that in order to obtain good reliability and 
low current consumption, anti-static handling procedures must 
be observed with the CMOS chip. As | have discovered, CMOS 
has a static damage mode in which quiescent current 
consumption is increased, but the chip works, perhaps for 
months, before failing. 
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Fig. 2: Circuit diagram 
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New range of Kenwood ‘scopes 

The latest scanning receivers and accessories 

New section of low cost security products 

Extended range of Velleman kits including: 250W 12Vdc 
to 220Vac inverter, in-car amplifier power supply, 200 
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ost simple eight bit microproces- 
sors, such as the 6502 and the 
» Z-80, have sixteen address lines 
and eight data lines, the so called 
address and data buses. The processor 
uses the address lines to select memory 
locations, and with a binary output on 
sixteen address lines it can select any 
one of up to 216 or 65,536 unique 
memory locations. Once a memory loca- 
tion has been selected, data can be read 
from it, or written to it, using the eight bit 
wide data bus. 

These memory locations could be 
read only memory, ROM, or read/write 
memory, RAM, the type of memory 
depending on whether it is used for the 
permanent storage of a program or the 
temporary storage of data or program 
code. | have used the word memory 
location, but such a location does not 
have to be within a memory chip, it could 
equally well be a register or an 
input/output port, a register being a 
memory location that is used to transfer 
data between the processor and some 
other circuit, and an I/O port being a 
means of allowing the processor to 
communicate with external devices, such 
as keyboards, etc. To the processor, 
registers and I/O ports look and behave 
exactly like ordinary memory locations. 


The memory map 
The sixteen address lines of a common 8 
bit microprocessor allow us to access 
65,536 memory locations. This is 
referred to as the processor's address 
space. Some processors, like the 6502 
have just a single address space in which 
all memory and input/output registers are 
located, while other processors like the 
Intel 8080 family separate the address 
space for memory from the address 
space for I/O, a feature which allows 
such processors to have special I/O 
instructions. 

lf we are using a processor in which 
ordinary memory and I/O reside within 
the same address space, then we need 


_ Microprocessor 
Fundamentals 


Part 2 


Last month we looked at 
some of the control 
circuitry needed to imple- 
ment a simple micro- 
processor system. In this 
issue we are looking at the 
main data and address 
buses, and how memory is 
mapped 


SEER E Ta 


Fig.1 Memory map for simple 6502 
based system 


to define certain areas of the address 
space for I/O ports, other areas for ROM 
memory and other areas for RAM 
memory. This mapping out of specific 
areas for specific functions within the 
overall processor address space is 
referred to as the memory map and its 
creation is one of the primary tasks in 
designing any processor based system. 
A memory map is equally important in 
systems where there is a separate 
memory address space and an I/O 
address space, it is simply a little more 
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complex. 

Every system will have to have some 
code resident on ROM, as without such 
code it, would be virtually impossible to 
load a program into RAM memory and 
then run it. This minimal code is often 
referred to as the kernel and has the 
function of initialising the processor regis- 
ters and any I/O registers. The kernel 
program will then either jump to the main 
program, which is also stored in ROM, or 
will attempt to get data from an exteynal 
device, such as a keyboard or a serial 
port. Data which it will store in RAM and 
which may constitute the code for the 
main program. 

Whereas all systems will have some 
ROM memory, it is possible for a system 
to function with no RAM memory. 
Indeed, many control applications can 
get by with simply using the processor's 
internal registers for data storage. As far 
as I/O is concerned, a system could 
function perfectly well without data input 
from, or output to, the external world, but 
such a system would be somewhat 
pointless since it would not do anything. 
All practical systems will, therefore, have 
some memory locations dedicated to use 
by I/O registers. 

When the processor powers up, or is 
reset, it automatically sets the program 
counter to a memory address which is 
stored in a specific location in memory, 
called the Reset Vector. This is the 
starting address of the kernel program. It 
is one of anumber of vectors and others 
specify starting addresses of routines 
which handle hardware interrupts, etc. All 
these vector addresses are stored in 
ROM memory. 

The memory address which is stored 
in the Reset Vector, is the starting 
address of the kernel program, also 
stored in ROM memory, and it thus 
makes sense to reserve memory loca- 
tions around the vector addresses 
(usually the top half a dozen memory 
locations in the memory map) for ROM 
memory. A common memory map 


ADDRESS BUS 


Fig.2 8K Block decode circuit 


arrangement is to allocate the top 8 or 


16Kb of address space to ROM memory. 


As far as RAM memory is concerned, 
the system may not need any. However, 
if RAM memory is needed then, it is best 
located at the bottom of the memory 
address space. This is because 
many processors make use of a 
series of read/write memory loca- 
tions called a stack and most of 
them locate this stack in the 
bottom part of memory. The stack 
is a special area of memory used 
to put temporary variables and has 
its own special processor register, 
the stack pointer, The stack makes 
programming a lot easier and 
allows us to use subroutines. 

All we are now left with is the 
location of the |/O registers. These 
can be placed anywhere in the 
unused address space beneath 
the area allocated to ROM memory 
and above the area allocated to 
RAM memory. When choosing the 
location of I/O registers, it is wise 
to use memory locations which 
start at one that is easily decoded, 
such as location 4000hex. Many 
\/O devices will use several regis- 
ters, but it is only the first register 
which needs to be decoded. 

So, if we are designing a simple 
microprocessor system, we can 
now lay out a memory map. The 
proposed system is based on the 
6502 and it has 8Kb of ROM memory, 
2Kb of RAM memory and a single 6522 
VIA chip for 1/O. This uses sixteen 
memory locations starting at location 
4000hex, and the memory map for this 
system is shown in Figure 1. More 
complex designs will, of course, have 
more complex memory maps. 


ADDRESS SPACE 8k BLOCK 
DECODE LINES 


Address 
decoding 

Armed with the memory 
map, a system designer 
can now turn to the 
decoding circuitry which 
will ensure that the 
address bus will access 
the correct type of 
memory at the locations 
designated on the 
memory map. 

For the simple design 
outlined above, we have 
three components which 
need to be attached to 
the address and data 
bus, a ROM chip (prob- 
ably an EPROM), a RAM 
chip and the 6522VIA I/O 
chip. For the ROM chip, 
we could use a 2764 EPROM which is 
organised as 8K x 8 bit words, and for 
the RAM memory a 6116 static RAM 
which is organised as 2K x 8 bit words. 
In simple designs, static RAM is prefer- 
able to dynamic RAM, since it requires 


no refresh circuitry. 

On all three chips, the data lines are 
connected directly to the data bus and 
the address lines to the corresponding 
lines on the address bus. In the case of 
the ROM chip, AO-A12, for the RAM 
chip, AO-A9Q and for the VIA, AO-A3. If 
they were left like this, then each of the 
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three chips would occupy memory loca- 
tions that overlapped in the address 
space with that occupied by the other 
two. The result would be a chaotic 
system full of erroneous data. 

We need to separate the three 
memory chips so that each occupies its 
own unique portion of the address space 
and, to do this, we need an address 
decoding circuit. For a simple system like 
this, we can use an address decoding 
circuit which divides the memory address 
space into eight 8K blocks. Then we can 
put our ROM into the top 8K block, the 
RAM into the bottom and the 1/O into the 
third block up from the bottom. 

We can do this address decoding by 
using the top three address lines from 
the processor, A13-A15, and feeding 
them into a decoder chip, such as a 
74138. The eight outputs from this 
decoder chip can then be used to 
generate the appropriate chip select for 
our three memory and I/O chips. This 
decoding circuit is shown in Figure 2. 

We can see how this circuit allocates 
blocks of the memory address space, in 


Fig.3 Cascaded decoding to 1K blocks | 


the memory map used in Figure 1, to the 
different components in table A. 

The unused chip selects could be used ° 
to add extra ROM, RAM or I/O to the 
system. By and large, decoding the 
memory space into 8Kb blocks should 
be adequate for most applications, but 
where a lot of I/O is used, it may be 


Fig.4 Simple 6502 processor sYSté 


necessary to further decode a single 
block. This is simply done with the aid of 
another 74138, as shown in Figure 3, 
which breaks one of the 8K address 
space blocks into eight 1Kb blocks. 


Putting it all together 
Using the memory map in Figure 1, we 
have now developed a very simple 


8) 


processor design using the 6502. The 
system has 8K of ROM, 2K of RAM, two 
8 bit bi-directional I/O ports, a 16 bit 
timer and a serial I/O line. A system 
which is adequate for a wide range of 
control functions, and as the basis for 
many projects. 

However, we first of all need to bring 
all the bits of the design together. The 


ELECTRONICS TODAY INTERNATIONAL 


A15 A14 <A13 Addresses Selectline Use 


$0000-$1 FFF CSO RAM 
$2000-$3FFF CS1 
$4000-$5FFF CS2 VO 
$6000-$7 FFF CS3 
$8000-$9FFF CSs4 
$A000-$BFFF Css 
$C000-$DFFF CS6 
$E000-$FFFF 


-o-0O++ 0 + O 


first things to look at are the two control 
lines from the processor, R/W and IRQ(or 
NMI). The R/W line determines whether 
the memory location specified on the 
address bus is being read by the 
processor, or written to by the 

processor. For ROM memory, this line is 
not needed since one can only read it, 
but for both RAM and I/O it is essential 
and should be connected to the appro- 
priate line. 

The IRQ and NMI lines are used by 
I/O circuitry to generate processor inter- 
rupts. The difference between the two is 
that software can be used to disable the 
IRQ interrupt, but an NMI interrupt will 
take priority over all other operations, 
including an IRQ interrupt. When either of 
these interrupt signals is generated, the 
processor will halt its current operation, 
and jump to a piece of code, which has’a 
beginning address specified in the 
appropriate vector at the top of the 
memory address space. One of these 
two interrupt contro! lines should be 
connected to the appropriate interrupt 
output from the I/O chip. 

We now have all the components 
connected together for a simple micro- 
processor system, shown in Figure 4. 
Larger systems will, of course, be a lot 
more complex. Thus, for example, if a lot 
of ICs are connected to the data and 
address buses, it may well be necessary 
to incorporate bus drivers in the design 
to increase the drive capability of the bus 
lines. Other types of 1/O will bring with 
them their own complexity. However, the 
fundamental design of any micro- 
processor system is the same and will 
vary but little from that in Figure 4. 

Alex Stewart 


Bicycle Alar 


Don’t let your bike be stolen 


- fit Alan Bradley’s compact alarm unit. 


Fig.1: Circuit Diagram 


icycles are an easy target for any thief, and cyclists find 
themselves increasingly encumbered with chains and 
padlocks to try and counter this constant threat. But even 
chaining your bicycle to a lamppost or some railings may not 
be enough to deter the skilful thief armed with a few tools. He 
may not steal the whole bike, but he might steal parts of it! 


One obvious solution to the problem is to fit your bicycle with 
an electronic alarm unit which will be triggered whenever the 
bicycle is moved, With an alarm fitted, anyone trying to tamper 
with the bike will almost certainly trigger an audible alarm. 
Enough to frighten them, and send them looking for an easier 
target. 

The cycle alarm described in this project is small, light and 
compact. It is operated by a key and is small enough to hide in 
a pannier or saddle-bag pocket. 


The alarm system 
The alarm in this design is armed and disarmed by a key oper- 
ated on-off switch. Any vibration due to a would be thief 


attempting to break the lock or carry the bike to a van will, after 
a short delay, cause the sounder to operate for approximately 
25 seconds. The alarm will then re-arm, ready to be triggered 
again. Continuous vibration will operate the alarm continuously. 

Immediately after the alarm has been switched on there is a 
‘turn-on’ delay of about 21 seconds, before it will respond to 
vibration to allow the owner time to remove the key and 
close the pocket. 

A turn-off delay has also been provided. The sounder 
will not operate for approximately 7 seconds after a 
detected vibration to allow the owner time to disarm the 
alarm. 

The alarm has a low quiescent current of 135pA and 
only uses 15mA when the sounder is operating. The 
alkaline PP3 battery should therefore have a very long 
life. 


How it works 
The heart of the circuit is IC1, a TS555CN CMOS low 
power timer IC configured as a monostabie. 

When in the armed state, IC1’s trigger input is 
normally held high by resistor R1. When the alarm is 
knocked, the vibration detector (S2) will close, pulling 
IC1’s trigger input low. The output of IC1 (pin 3) now 
goes high for a period of 1.1R2C2 (32 seconds in this 
case). 

The output of IC1 is followed by the R5C4 delay 
circuit. This provides approximately a 7 second delay, before 
the sounder operates. IC2 is an HCF40107BE CMOS dual 
NAND gate with ‘open drain’ outputs. It is used as a high input 
impedance buffer following the turn-on and turn-off CR delays. 


Reset (Turn-on) CR Delay and Buffer 

One half of IC2 is used as an inverting buffer between the C3R4 
turn-on delay and IC1's Reset pin. The CMOS buffer will 
change state at approximately 1/2Vcc, as opposed to the 
TS555CN’s Reset pin which views 0.7V and above as High. 
The use of the buffer therefore requires a smaller C3R4 product 
and allows the use of a smaller and cheaper capacitor. R3 is a 
pull up resistor for the buffer’s open drain output stage. This 
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inverting buffer and C3R4 delay holds IC1’s Reset pin (and 
hence its output pin) low for approximately 21 seconds after the 
alarm is switched on. 


Sounder (Turn-off) CR delay and buffer 

The other half of C2 is used as a non inverting buffer, Its 
MOSFET output transistor can sink 32mA at 5V and 74mA at 
10V, so can therefore be used as a follower to drive the 
sounder. 

WD1 is a high output Piezo sounder with built-in drive circuitry. 
At 9V it uses approximately 15mA. C5 is a power supply decou- 
pling capacitor. 


Calculating the buffered CR Delays 
Assuming the buffer changes state at approximately 1/2Vcc 


then 
Delay = 0.7 CR (approximately) 


Reset (Turn-on) 
Delay 

The length of this delay was 
not critical, so a +/- 20% toler- 
ance tantalum capacitor was 
used. {ts leakage current will 
affect the calculated delay 
length. A 22uF capacitor and 
1.8M resistor gave a delay of 
approximately 21 seconds. 


Sounder (Turn-off’) 
Delay 

Since this delay is short it 
needs to be calculated more 
accurately, so a polyester 
capacitor was used because 
of its +/-5% tolerance and low 
leakage. A combination of 1pF 
capacitor and 8M2 resistor 
gave a7 second delay, The 
PCB can accept a tantalum 
capacitor if a much longer 
delay is required. 

As there may be some vari- 
ation in the threshold voltage 
between different 40107BE 
ICs, several values of RS may need to be tried. However, | got 
the same delays from two different 40107BE ICs. 


Fig.2: Component Overlay 
Diagram 


Construction 

Fit the components as shown in the component overlay 
diagram, Figure 2. Both ICs are fitted in sockets. IC2 is static 
sensitive so the usual handling precautions apply. 


Vibration detector S2 is supplied with a single thick pin which 


is fitted to the PCB pad as shown. Its other connection is made 
by soldering a link between the PCB pad and S2's case. The 
case layout is shown in the accompanying photograph. The 
PCB is mounted on a 1/4in M8 spacer. The sounder is also 
attached using M3 mounting bolts. A grill is made as shown in 
the photograph and the key switch is mounted in a 19.9mm 
diameter hole drilled in the case. The PP3 battery holder is 
attached using Quickstick pads. 


Testing 
First fit the battery and test that the unit’s quiescent current is 


approximately 135A. An initial slow surge to several mA (due 
to 40107BE Reset buffer’s slowly changing inputs} will occur 
before slowly falling to a steady 135A. If all is well the operation 
of the alarm can now be tested. 

Turn the key to switch the alarm circuit on and shake the 
alarm until the sounder is operated. The time between switch- 
on and sounding is the Reset (turn-on) delay (21 seconds) 
followed by the sounder (turn-off) delay (7 seconds). The 
sounder should now operate for ((1.1R2C2 seconds - (turn-off 
delay)) = 25 seconds. 

The sounder (turn-off) delay can be calculated by switching 
the alarm on, waiting for the Reset (turn-on) delay to elapse, 
then triggering the alarm by knocking it and measuring the delay 
before the sounder operates. 

The alarm should use approximately 15mA when the 
sounder is operated. 


SEMICONDUCTORS 


C1 TS555CN 

Ic2 HCF40107BE 
RESISTORS 

R1 100K 

R2 1M2 

R3 100K 

R4 1M8 


CAPACITORS 

C1 10nF Ceramic (5mm lead pitch) 

C2 22uF Tantalum 

C3 22uF Tantalum 

C4 1p:F Polyester layer 

C5 22uF 25V Electrolytic 
MISCELLANEOUS 

WD1 Maplin High Power Buzzer (FK84F) 
$1 Keyswitch 


Maplin Vibration Detector (UK57M) 


All the components for this project are available from 
_ Maplin Electronics Ltd. 
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PCB Design | 
Programs 


Alan Chadwick looks at 
some PCB design 
programs for the hobbyist 


s a keen electronics enthusiast | 
enjoy designing and bread-boarding 
new circuits, but find the task of 
producing suitable PCB layouts rather 
tedious. For many years | have made do 
with nothing more sophisticated than 
0.1in graph paper and a pencil and 
rubber. PCB design programs have been 
around for some time but in my case 
have remained a pipe-dream, due to the 
lack of a suitable computer and the 
necessary cash. 

However, | recently splashed out on a 
second-hand PC-XT clone, which meant 
that a PCB design program became a 
real possibility, particularly as software 
prices have been gradually falling over 
the years. Since my experience of 
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days of the ZX81 it took me a little while 
to come to terms with DOS, disk drives 
and databases, but as soon as | felt that | 
was ‘up to speed’ | decided to have a 
look at what was on the market. 


Spoilt for Choice 

It immediately became obvious there was 
a wide range of software available but 
limiting my budget to around £100 soon 


me eh Oe 


narrowed the field down to the so-called 
entry-level programs. 

The main feature | was looking for in a 
program was the ability to easily edit the 
PCB layout to achieve a high density and 
the minimum of links, something that is 
very time consuming with paper and 
pencil. Of secondary importance was a 
schematic drawing facility, although 
many PCB design programs include this 
at no extra cost. Similarly, | was not 
particularly interested in anything more 
than single-sided boards, although most 
programs seemed to handle up to eight. 

Autorouting of PCB tracks looked like 
a nice idea at first but it soon became 
apparent that autorouters were not 
usually available at the budget end of the 
market and in any case were often 
intended for double-sided boards. 

| discovered that my choice of 
program might also be restricted by 
hardware requirements. Although many 
low-cost programs will run on a basic PC 
with possibly only a CGA or mono- 
chrome display, the trend in minimum 
requirements is towards EGA graphics, a 
mouse and a hard disk. In the end | 
decided to upgrade my PC from CGA to 
EGA graphics and install a hard disk 
drive and | was very satisfied with the 
benefits. 


Evaluation 

Taking account of all the above consider- 
ations, the choice was now between the 

handful of programs. Most of these have 

been reviewed individually elsewhere, but 
without a basic knowledge of PCB 
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to view the right area of the board in 
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design programs the articles were not 
easy to follow and the fact that the 
reviews were written by different people 
made comparisons difficult. | decided 
that the only answer was to obtain the 
demonstration disks which are available 
for most of the programs and make my 
own comparison. | hope this article will 
save readers the trouble of doing the 
same. : 

Not surprisingly, | found a similar 
range of functions included in all the 
programs and the description of these 
should serve as a good introduction for 
those readers unfamiliar with PCB design 
programs. In the section on each 
program | have only commented on the 
method of implementation of the stan- 
dard functions and highlighted any differ- 
ences in the facilities available. 

Many of the programs | looked at are 
entry-level versions of more comprehen- 
sive packages, which would be worth 
investigating if your budget can stand it. 
Alternatively if you think you will have 
spare cash in the future, check whether 
the basic program can be easily 
upgraded. 

The system requirements for each 
program are shown in Table 1. All testing 
was done on an Amstrad 1640 with EGA 
graphics, Amstrad mouse, 20 Mb hard 
disk, and an Epson FX-85 9-pin dot- 
matrix printer. 


The Results 
With all the programs, | found | spent a 
lot of time zooming and panning in order 
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Ranger 1 


anger 1 is a complete CAD package, although at £100 

without the autorouter it is still competitive with many 
PCB design programs. When using the graphic editor to 
design a schematic or PCB layout there is a row of menu 
boxes along the bottom and left-hand side of the screen. 
To select a menu box the cursor is positioned in the box 
and the mouse button pressed. This selects the function or 
changes the contents of the menu boxes to another set of 
options. There are no short-cut keys. The remainder of the 
functions are selected through a messy and inconsistent 
assortment of text screens using function keys, cursor 
keys and the mouse. However, prompts are provided. 

The cursor moves in a series of small jerks which do 
not correspond with the grid points, even when the grid 
snap facility is on. This makes it difficult to consistently 
select or place objects except by using a high zoom level. 

To use the package for simple PCB design, compo- 
nents must be selected by code and a netlist produced 

q manually by entering a list of connections. This is a very 
- tedious business and it is far better to use the package as 
intended and produce a schematic diagram from which the 
program will automatically generate a component list and 
a net list. 

Whichever route is chosen the next step is to use the 

graphic editor to place the components on the PCB. 


|p sufficient detail, something that you do 
automatically when using pencil and 
paper. It is therefore important that these 
functions are easy to use and the redraw 
time is not too long. 

Of course, none of the programs 
solve the problem of producing the 


PRESS 


& 


EEE 


Side B 


board itself, even though they ease the 
design of the layout. Reasonable quality 
artwork can be obtained using a dot- 
matrix printer, particularly if printed at 
twice full size with a new ribbon, but this 
then needs to be reduced to a full size 
transparency. Various methods were 


Connections can be shown as a ‘rats nest’ whilst posi- 
tioning the components, which is very helpful when trying 
to minimise track complexity. 

If you can afford the extra £50 the tracks can now be 
autorouted. Otherwise, manual routing involves selecting 
a connection from the rat’s nest and converting it into a 
properly routed track by adding and moving bends to 
‘rubber-band’ the track into the desired position. The 
manual routing facilities are really intended for tidying up 
a previously autorouted board and are nowhere near as 
easy to use as those in a purely manual PCB design 
program. 

As a CAD package, Ranger 1 seems to be very 
comprehensive. For hobby use, the complexity and poor 
user interface make it a poor choice. 

A version of Ranger 2, Ranger 1’s big brother, has 
recently been released as shareware. This has all the 
features of the full package but is restricted to 32 parts or 
128 component pins. 

Supplier: Seetrax CAE, Hinton Daubnay House, 
Broadway Lane, Lovedean, Hants, PO8 0SG. 

Tel: 0705 591037 

Hardware requirements: IBM PC or compatible, 640k 
RAM, DOS 2.0 or later, EGA, VGA graphics, 20M hard 
disk. Mouse recommended. 

Price (excluding VAT and p&p): £100 

Upgrade? Yes 


paper copy of the layout with transparen- 
tiser. More recently (Read/Write May | 
1993) a reader suggested using carbon 
paper and draughting film in a dot-matrix 
printer. 

If you can afford it, there are plenty of 
companies willing to produce either film 


discussed in ETI positives or even complete boards 
(Read/Write directly from information supplied on disk 
September 1991 in an acceptable format. 

to January 1992) 

including photo- 


copying on to film 
or spraying a 
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Layot 


| las is a recent addition to the 
market originally written as an 
‘in-house’ PCB design program for a 
Dutch electronics company. Later, a 
facility for schematic capture from 
Orcad or similar packages was incor- 
porated. However, the versatility of 
the program means that suitable 
component and netlists can be 
created manually although they are 
by No means Beseritial 1 eiow the 


design facilities but is restricted to. 
4000 datalines. This should cope with 
typical hobby-sized circuits as long 
as you don't use too much text which 
seems to eat up datalines, — 

The package comes with a project 
manager to provide a user-program- 
mable menu system, initially set up to 
allow selection of the graphics editor 
program for POB design, a text 
editor, a font editor, or an output 
driver program. Design files are _ 
grouped under a project title and 
each user of the program can have 
his own set of preferences. 

The display area is uncluttered, 
with a single status line across the 


top and an optional overview window 


in the top left-hand corner, However 
_the menu structure leaves a lot to be 
desired, The main menu bar is called 
up by pressing return on the 
_keyboard or the right-hand mouse 
button: This is confusing as the right- 
hand button is elsewhere equivalent 
to the Esc key which is used to exit 
from menus and functions. Functions 
‘are selected from the menu bar by 
pressing return or the left-hand 
mouse button. However, not all func- 


‘nations of the three moule buttone, 
the effect of which vary depending 
_on the current mode. The possible 
combinations and their effects can 
be discovered by pressing F1. 

_ On the positive side, the program 
‘remembers the last path selected _ 
through the menu options. There is 
also a macro facility so that single 
keys can be programmed to activate 
biniaust nid woeangeumcanie se 


ene i falty wines nero Hache 
are connected. To get round this 

_probiem the user has the options of 
redrawing when a mouse button is 
_ pressed, orafterasetdelayoncethe = 


Selecting a zoom level is slow but a 


peed cet: wamape a bones t> 


fill the screen. 
Designing a PCB ieeahien tires 


basic stages. Layo! is very versatile _ 
__ ait allows a number of alternative _ 


methods to be used for each stage. 
The first stage is to select the 
components, which can be done 


_ Manually from the library in the usual 
way but is rather a tedious process 
as the component libraries are at the 


ends of the branches of a large direc- 


_ tory tree which has to be stepped 


ee ee see 


_ is required. 


scannelinn & oanpanaed tel ties « 
schematic program, or writing your 
own by means of Layo1’s text editor, 
avoids this problem as the compo- 


_ nents will be automatically called up 


and positioned. A print out of all the 


_ library components is included in the 
manual 


i 


“The next stage is ta define the 


routes. This is optional if youintend 


to lay down the tracks manually but 
to use the autorouting or rats nest 


be imported, written using the text _ 
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facilities a netlist is required. This can 


cursor has stopped moving. a 


_ Anice facility is the ability to 
pervie 8 component by pressing Oat 
mouse buttons at once. 

At the final stage of routing the : 
tracks, Layo1 is even more flexible. 
The most basic method is to route by 
hand, defining where each bend is to 
occur. Any of the othermethods ._ 


requires anetlistandusesthe 
_autorouting function in various ways. 


Before invoking the autorouter, — 


‘certain parameters have to be set 


such as whether the board is double 
or single sided, whether vias are 


_ allowed and what type of routing 


strategy to use. Once this has been 
done, the auto routercanbe 
unleashed either on the whole board 
or on various restricted parts such as 
ay ciepeacanaalmmuipailabead 

ifthe autorouter has notbeen 
100% successful, the unrouted nets 
can be displayed. These can be 


a wae Thetull 
range of output is available by using 


Designs, 6 Pasture Close, Clayton, 


Bradford, West Yorkshire, BD14 sane eS 


Tel: 0274 882609 

Hardware requirements: IBM PC. 
or compatible, 640k RAM, DOS 3.0 or 
later, EGA, VGA graphics, hard disk, _ 


"mouse preferably three button. 


Price (excucng VAT and pi: 29 : 
for 4000 data lines 


‘Upgrade? Yes, but same facilites me 


PROJE 
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, Welcome to the world of valves. In this short series, | 
am going to describe two guitar amplifiers - the first is 
a 15W design, intended as a practice amplifier, the 
second a 50W version, with some extra facilities, that is 
powerful enough to ‘gig’ with. Firstly, however, | want to 
describe some valve basics and I’m including some circuits 
which you can experiment with using a prototyping board. 


Why Valves? 

The first question which comes 

to most non-guitarists is, why 
valves? Semiconductors 


Paleface Minor 
suitar amp 


Part 1 


Rediscover the unique sound of valves with this amplifier project from Dave Bradshaw 


Fig.1a. On overload, semicon- 
ductor amplifiers tend to square 
off the output signal, as shown 
for a purely resistive load, 


Fig.1b. With a reactive load such 
as a typical loudspeaker, there 
can be quite a lot of ringing at 
the switch off points and the 
circuit can act like a class D 
oscillator, injecting a lot of 
destructive energy into the loud- 


speaker. 


Fig.1c. Valve output stages don’t 
have such a sharp cut-off, so 
ringing is rare and the overall 
effect is less destructive and 
much more pleasing. 


may reign supreme in most 

applications, but all 

guitarists, even three-chord 
wonders like the author, 
know that for guitar amplifica- 
tion they are still the business. 
The reason for this is the 
overload characteristics, as 
shown in Figure 1. 


they go into overdrive gracefully, producing a pleasing mellow 
When valve tone, rather than the harsh solid-state noise that assaults the 
amps are ear (or even worse, speaker-destroying high frequency ringing). 
driven The Paleface allows you to overload either the preamp or the 
power amp, which produce different characteristics. 

With varying degrees of success, designers have 
sought to simulate the distortion of overloaded valves 
using solid state circuitry. But why simulate when you can 
have the real thing? There are also some who believe that 
valve hi-fi amplifiers are the bee’s knees. | hope ETI readers 
will give me the chance to investigate this by building a practical 
design sometime in the not too distant future. 


lf Noise Annoys 

You will not get the noiseless performance from a valve amp 
that you routinely expect from a semiconductor amplifier, at ' 
least not this side of several thousand pounds. Both mains hum 
and high frequency noise (HF noise, or hiss) are inferior with the 


VACUUM INSIDE ENVELOPE. 


HEATER / CATHODE - A 
COIL OF TUNGSTEN WIRE 


Fig.2. Cross-section of a diode. 
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valve amp. 

Supply line ripple is the main culprit 
in the hum problem. This is due to the 
poor availability and high cost of high- 
voltage electrolytics. The lower charge 
stored in the capacitors means there is 
Fig.3. The symbol a disproportionately higher ripple 
fora single valve | voltage on the high voltage supply line. 
diode For example, the largest easily avail- 
able 400V capacitor is 4705 and this 
currently costs nearly £10, one-off. At 
maximum voltage, this stores 188 millicoulombs of charge. By 
comparison, a commonplace 10,0005 25V capacitor can store 
250 millicoulombs for around £1.50 to £3.50, depending on 
ripple current capability. 

The other contributor to hum performance is the high signal 
impedances in valve circuits. This is a problem at the input 
stage, where signal voltages are low. However, intermediate 
signals tend to be several volts, so the noise they pick up is 
much less significant. There are lots of sources of hum in the 
amplifier itself, for 
example in the power 
supply and the 6.38V AC 
for the heaters and the 
high voltage secondaries 
on the power trans- 
former. 

A contributing factor 
is that overall feedback 
is rarely used in pream- 
plifier stages, and in 
power amplifiers the level of feedback is relatively low. However, 
care with layout and some judicious use of screening can 
diminish the hum. 


HEATER/CATHODE 


Fig.4. The symbol of a dual diode 


GLASS ENVELOPE 


ANODE 
VACUUM INSIDE ENVELOPE (@)) 
(—) 


CATHODE WITH INSULATED 
INTERNAL HEATER 


GRID-WIRE MESH 


Fig.5 Cross-section of a single triode valve. 


As far as high frequency noise (hiss) is concerned, valves are 
not as good as semiconductors, because they operate at high’ 
temperatures, so they heat up all the surrounding components 
and they use high voltages. Again, the generally higher signal 
voltages offset this to a large measure. 


Valve Basics 

I'd like to be able to recommend a good book on valves, but 
have been unable to find any that are in print - all mine are 30 
year old! So here goes... 

Valves have three types of electrode, sealed together in a 
high vacuum using a glass envelope. The cathode is a cylin- 
drical pipe made of special metal at the centre. The anode is a 
cylinder of metal around the cathode. Between these are grids 
which are also cylinders, but this time of mesh. Valves typically 
have one or three grids. However, the very simplest vaive has 
no grid at all, just a cathode and an anode. 


Cathode Action 
When it is red hot, the cathode emits electrons which form a 


small cloud around it. This 
phenomenon is called 
thermionic emission. 
When first switched on, 
the cathode takes a little 
while to get hot enough for 
electrons to be emitted, 
hence the typical warm-up 
time of valves. 

As readers will know, 
electrons can move 
around freely inside 
metals. How quickly the 
fastest move depends on 
the temperature of the metal. When the metal is heated to a 
high enough temperature (say, 1000¢eC), some electrons will be 
moving fast enough to escape altogether from the surface of 
the metal. This is rather like water molecules evaporating from 
the surface of a pool of water. Some materials emit electrons 
very easily, particularly certain oxides, so it is normal to coat the 
cathode with one or more different such oxides. 

To make the cathode hot enough, it needs a heater, i.e. a 
thin tungsten wire which is made very hot by a current passing 
through it. The simplest arrangement is to make the heater and 
cathode the same thing. This type of valve is said to be directly 
heated. However, this severely constrains the usefulness of the 
circuit, because we either have to connect all the cathodes 
together (imagine designing transistor circuitry if all the emitters 
had to be connected together), or each valve would need a 
separate heater 
supply. 

Most valves are 
indirectly heated. The 
heater is a winding of 
tungsten inside the 
cathode but insu- 
lated from it by a thin 
layer of aluminium 
oxide. The heater 
plays no other part in 
the circuit unless the 
insulation breaks 
down. Nearly all heaters require 6.3V (usually AC supplied from 
a special transformer winding). The current they consume 
depends on valve type. 


Fig.6. The circuit symbol for the 
triode valve. Note that the heater 
is often left out for simplicity, 
although the valve cannot func- 
tion without it. 


GRID 1 GRID 2 


CATHODE 1 CATHODE 2 


Fig.7. The circuit symbol for a dual 
triode. The envelopes are sometimes 
completely joined, but mostly they are 
separate. The heaters are not usually 
shown. 


Diodes 

The very simplest valves have no grids and are diodes (Figure 
10). When the anode is positive with respect to the cathode, 
electrons are attracted to it and are absorbed into it, i.e. a 
current flows through the vacuum. if the anode is negative with 
respect to the cathode, no current can flow, as the anode is not 
hot and does not emit electrons. This is the rectifying action that 
characterises a diode, discovered in 1883 by Edison. Figure 2 
shows the lay-out of a valve diode and Figure 3 shows the 
symbol of a valve diode. 

As with semiconductor diodes, there are two main types - 
signal diodes, with low current capability but also low capaci- 
tance and rectifier diodes, with high current capability. Both 
types have been completely replaced by semiconductors in all 
but the most esoteric of applications. However, you may well 
come across valve rectifiers in older valve amplifiers. 

Because of the high voltages at the cathode, valve rectifiers 
are normally directly heated. The voltage between the cathode 
would be so high that some diode action would occur between 
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Fig.8. The basics of a triode cathode-coupled amplifier. 


the heaters and the cathode. For this reason, they require a 

separate heater supply insulated from all the other valves. 
Most valve rectifiers are dual diodes. Some of these are two 

anodes with a common heater/cathode, but others have two 


' separate diodes within the same envelope, with the 


heater/cathode windings joined - the effect is the same. Figure 
4 shows the symbol. Dual diodes were the fore-runners of 
today's bridge rectifiers. For example, with a 250-0-250V trans- 
former, a single rectifier valve produced a full-wave rectified 
output. 

Valve rectifiers have one advantage over semiconductor 
diodes, in that they start to conduct slowly when first turned on 
as their heaters warm up. The capacitors are therefore charged 
up more gently than with semiconductor diodes and there’s 
much less of a surge of current at switch-on. 


Fig.9. A cathode coupled amplifier that biases itself. 


Triodes 

Figure 6 shows the simplest type of valve with a grid, a triode 
valve. A single triode valve is broadly equivalent to a single tran- 
sistor, although a valve is a voltage-controlled device, so it is 
closer to a FET rather than a bipolar transistor, Valves have 
higher gain and linearity than FETs and a single valve stage is 
often equivalent to an op-amp stage. | must hastily add that 
valve circultry is nothing like op-amp circuitry. 

Most modern triodes are dual triodes, i.e. two separate 
triodes in a single envelope. The ECC83 used throughout the 
project is of this type. One can think of these as the valve equiv- 
alent of a dual op-amp. The heaters are nominally separate, but 
are joined. Usually, we apply the 6.3V heater supply between 
the join and the two other terminals connected together. Again, 
like the supply rails in op-amp circuits, the heater connections 
are normally left off but the valve will not work without them. 

The grid between the cathode and anode gives us a way to 
modulate the flow of current between the cathode and the 
anode. For the valve to work, the anode has to be positive with 


respect to the cathode so that electrons are heading from the 
cathode towards the anode - anode voitages of 100 to 300V 
are typical in triode circuits. When the grid is positive, it has: little 
effect and the valve continues to act as a diode with current 
flowing, the grid just tending to act as a rather poor second 
anode. 

When the grid is a few volts negative with respect to the 
cathode, the grid chokes off part of the electron flow between 
the cathode and the anode. The more negative the grid is, the 
less current flows, up to the cut-off voltage (the voltage which 
stops all current flowing). 

With the grid voltage between zero volts and the cut-off 
voltage, small changes in the grid’s voltage can make very big 
differences to the current passing through the valve. To take 
advantage of this, we apply a steady negative voltage, called 
the grid bias voltage and add the signal voltage to this. This 
voltage sets the operating point of the valve, in the same way 
that the current flowing into the base can set the operating point 
of a transistor. Choosing the best grid bias voltage is a bit of a 
black art, and it is normally recommended in valve data charts. 

With the ECC83 triodes used in the Paleface Minor, grid bias 
voltage of -1.5V with respect to the cathode will give a current 
of around 1.2mA. Other vatve types will give different figures, 
but typically the grid bias is a few volts and the current through 
the valve is a few milliamps. As long as the grid remains nega- 
tive with respect to the cathode, no current flows from it. 

The signal voltage applied to the grid voltage creates sympa- 
thetic fluctuations in the current between the cathode and 
anode. To turn this back into a voltage signal, we place a 
resistor (Ra in Figure 12) between the anode and the positive 
supply. 

An important point to note here is that valve supply voltages 
are often labelled HT, or HT+ (for high tension), HT voltages are 
usually 200 to 400V, and sometimes higher, These voltages 
should always be treated with respect, for obvious reasons. 

The anode voltage will vary in sympathy with the current 
changes, much in the same way as with an emitter-coupled 
transistor amplifier, and we gain an inverted but large version of 
the original signal. We need a high-voltage capacitor, Ca, to 
block off the high standing voltage (typically 200 to 300V) at the 
anode. A few more details are needed to make this into a prac- 
tical circuit. 


Fig.10. A basic cathode follower. 


In most circuits, it is not convenient to have a special nega- 
tive voltage source to set the operating point. Since this voltage 
is effectively the signal earth, any noise on it is added to the 
signal and amplified. There is an easier way to set the operating 
point and that is to allow the valve to find its own operating 
point. To do this, we insert a resistor (Rk) between the cathode 
and ground and add a high-value resistor (Rg) to keep the grid 
at zero voits, as shown in Figure 9 (ignore the capacitor, Ck, for 
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the moment). This circuit will settle at a point where the voltage 
is a volt or two negative, so applying its own negative grid bias 
(because the grid is at zero volts, i.e. negative with respect to 
the cathode). The amount of current flowing through the valve 
will depend almost entirely on the size of the cathode resistor. 
The anode resistor, Ra, makes very little difference to the 
current flow, provided it is below a certain value. 


Fig.11. A cathode follower with self-biasing arrangements. 


The main disadvantage of using a cathode resistor is that it 
reduces the gain of the valve by adding local negative feedback. 
Suppose the signal at the grid temporarily increases the grid 
voltage. This makes more current pass through the valve, which 
because of the cathode resistor, increases the cathode voltage 
in line with the grid voltage. This feedback cancels out most of 
the current increase caused by the increase of the grid voltage. 
Similarly, when the grid voltage decreases, the current falls and 
the cathode voltage falls again cancelling out most of the 
decrease in the grid voltage. As a result, we get some amplifica- 
tion, but much less than we got with a separate grid bias 
voltage. This circuit is still useful, because it offers good-quality 
amplification and a medium gain - typically around 10 to 20 for 
the values shown. 

Adding a cathode capacitor, Ck (shown dotted in Figure 9), 
stops the cathode voltage responding to AC variations in the 
current through the valve, and so increases the gain of the 
stage to the maximum that the valve can give. However, Ck 
does not affect the DC conditions of the valve. 

Another complication is that the valve's gain is quite affected 
by the current flowing. Calculating the gain in advance requires 
hours poring over valve characteristic charts, and even then it’s 
only an estimate. It’s usually much more fun to try it and see if it 
works. Then, if you're really serious, you try it with old and new 
valves and see if it still works. 


ANODE VOLTAGE 


Fig.12. The ‘knee’ in the response of a tetrode and the 
correction given by the pentode. 


Cathode Follower Circuits 

Suppose we ditch the anode resistor and the cathode capacitor’ 
(Figure 10). This gives us a cathode follower which is very similar 
to a bipolar transistor emitter follower, or a FET source follower. 
Although it has only unity voltage gain, it can provide a lower 
output impedance. Due to local feedback, the output imped- 
ance is considerably lower than the resistance of Rk, which is 
normally 47 or 100k. For maximum voltage swing, the grid must 
be biased at around half-way between ground and HT+. 

Biasing the grid is a problem. The simplest way is to couple 
the grid directly to the anode of the previous stage, where there 
is one. An alternative is to use a voltage divider between earth 
and HT+, but this requires a capacitor to suppress supply 
noise, then another resistor to stop the signal being suppressed 
by the capacitor. 

A more elegant way is the self-biasing arrangement in Figure 
11. Rk1 is typically 1 to 2k, while Rk2 is 47 or 100k. This works 
exactly the same way as the cathode-coupled stage biasing. 
However, both the cathode and the grid are at a high positive 
voltage and capacitor Cg is needed to block the grid voltage 
from the input. This circuit has a bonus in that the grid resistor 
‘bootstraps’ the input, raising the input impedance well above 
the value of the grid resistor Rg. 


-VE BIAS 
VOLTAGE 
Fig.13. A typical pentode circuit. The load could be an 
anode resistor with an anode capacitor for a small-signal 
pentode, or the primary of an output transformer for a 
power valve. 


Triode Limitations 

One of the most serious drawbacks of triodes is a result of the 
small capacitance between the grid and the anode, typically 
around 10 to 20pF. This stray capacitance gives rise to 
unwanted negative feedback from the anode to the grid. Small 
though this feedback is, it can be significant at high gains or at 
high frequencies. Also, triodes generally do not pass enough 
current for power amplification. 

However, triodes are very useful for low frequencies (typically 
audio), lower gains (up to around 100) and lower powers 
(perhaps 100mW). Other, more complex valves extend these 
limits. 


More Complex Valves 

In tetrode vatves, there is a second grid, called the screen, 
between the first grid (the control grid) and the anode. Provided 
it is held at any constant voltage, this minimises the negative 
feedback from the anode to first grid. Applying a high voltage 
(usually HT+) to the screen, maximises the current flow through 
the valve, So increasing the power output. Even though the 
mesh of the screen grid is kept very thin so that most electrons 
speed by it and it intercepts very few, a substantial current 
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a scaled-down version of the EL34). In the US, 
common types include the 6L6 (also sold as. 
the KT66 and 5881), and the KT88. 

Manufacturer's specs. are actually simpler 
with more complex vaives. Rather like IC 
specs., they give precise values for the circuit 
values. 

Audio output stages have to use trans- 
formers, to match the high output impedance 
of the valves with the low output impedance of 
the loudspeaker. Actually, | did once come 
across a high-impedance loudspeaker driven 
directly from a valve anode, | couldn't get the 
radio it was in to work, so | junked it - 25 
years on, | know it would now be worth a 
fortune! Another reason to use transformers is 
that without a transformer, push-pull operation 
isn’t possible {there are no tubes using holes). 
| have not drawn a push-pull output stage - 
you'll see one next month, with a longer 
explanation of how it works. 


Circuits To Experiment With 

So that you can experiment yourselves with 
valves, | have designed a prototyping board to 
accommodate cathode-coupled and cathode- 
follower circuits. It makes a neater prototype 


Fig.14. An experimental layout with two cathode-coupled amplifiers, using than the typical rat’s nests that infest most 
the prototyping board. valve prototypes. Originally, | planned to 
mount the valve on the PCB, but this caused 
(10mA or more) can flow into the screen grid, as it looks like a too many mounting and access problems and made rather 
rather poor second anode. poor use of the board space. 


However, the tetrode still has a serious problem 
due to a phenomenon called secondary emission, 
electrons hitting the anode with enough speed to 
knock other electrons out of the anode itself. These 
secondary electrons are attracted to the screen 
and, when current is flowing through the valve, the 
screen is often at a higher voltage than the anode. 
Besides current being wasted by flowing through 
the screen and not the anode, secondary emission 
also leads to a ‘knee’ in the response curve of the 
valve, which is not good news for linearity. 

This problem can be overcome by placing a 
supressor grid between the screen grid and the 
anode, thus making the valve a pentode. If this grid 
is kept at a low voltage (often it is internally 
attached to the cathode) the emitted electrons do 
not reach the screen so they return to the anode. 

There are two types of pentode, low power and _ 
high power. Low power pentodes, such as the 
EF86, are often used for small-signal amplification, 
typically as IF amplifiers in valve radios. Two of the 
most common are the EF80 and the EF86, the 
latter being designed for audio circuits that 
demand high gain and low noise. 

Besides high power pentodes, constructed as 
described above, there are also beam tetrodes. In 
my book these are pentodes, but the supressor 
grid has become a plate around the anode. Both 
types are used extensively as audio power output 
stages, either singly or, more commonly, in push- 
pull pairs. In Europe, common types are EL34 GND HT 


(capable of 100W from a pair, using an 800V Fig.15. A layout for two cathode followers, the first a self- biasing type. 
power supply) and the EL84 (also called the 6BQ5, 
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To build these circuits, you will also need a high-voltage 
positive supply of 100-300V, capable of giving 10mA anda 
heater supply of 6.3V, 0,3A. A power supply will be described 
next month as part of the main amplifier project. 

| do recommend beginners at electronics to build some low 
voltage circuits first, not least because of the high voltages 
involved. Personally, the first things | built were with valves, but | 
gave myself a fair number of shocks. Even the experienced 
should be careful - just 100V is enough to kill, given a sufficiently 
good contact. Remember also that the smoothing capacitor, 
Cht, can stay charged after the supply has been disconnected. 


The Cathode-Coupled Amplifier 

Figure 10 shows the layout for two cathode-coupled amplifier 
triode circuits, using the prototyping PCB and an ECC83 dual 
triode valve. There is no necessity to build both if only one is 
required, The suggested values are given in the table, but these 
are only suggestions. 

A practical use for this circuit is as a valve distortion unit, 
especially if a low HT voltage of 50-70V is used to give the 
valves no ‘head room’. Rx and Rg2 attenuate the signal 
between the two stages, to make the clipping more even. 
These values need some experimentation and Rg2 could be an 
off-board potentiometer. This circuit will be used in the 50W 
amplifier, 


Cathode Follower 

The first stage can be used as a self-biasing cathode follower, 
using the layout in Figure 11. It is a self-biasing design, the 
second stage being a simpler stage that needs a bias voltage 
applied to it, Again, the component values given are just 
suggestions. 


Special Note 

This is an advanced project. Not only does it involve working 
with the mains, but it involves circuits using high voltages. We 
advise inexperienced readers against building this project as 
their first electronics project. 


PARTS LIST for figure 14 


Rgi,Rg2 1MORk1, Rk21k2 
Rai,Ra2 100k 1W 

Cg1 100n low-voltage capacitor, or link 
Ck1,Ck2 = 10p 25V (or leave out) 
Ca1,Ca2 100n 400V 

Rht 22k 

Cht 10u 400V 

Rx see text 

PARTS LIST for figure 15 
Rk 47k 

Rkt  1k2 

Rk2 47k 

Rg 1MO 

Cg = 100n 

Ck = 101 100V electrolytic 

Rht 22k 

Cht 10p 400V 
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Open 


he electronics industry thrives on 
innovation. Indeed, without 


constant development of new 
products to meet new customer 
demands, it would probably slowly die. 
Creating new ideas to meet the demands 
of new markets is the hallmark of the 
entrepreneur, and the electronics 
industry should be the natural home of 
such people. People who actively look for 
new markets and new ideas and, in so 
doing, create new businesses and new 
jobs, But in the UK, with a few notable 
exceptions such as Alan Sugar, elec- 
tronics is not an industry that is brimming 
over with entrepreneurial activity. 

The markets exist for new products, 
especially in specialist niche areas, and 
are very often largely unexploited. The 
talent exists to create the products that 
would satisfy the demands of these 
markets, but hardly anyone is putting 
them together to create new electronics 
based businesses. 

We, seem to be mesmerised by 
imports from the far east. We seem to 
have acquired some kind of complex, 
that people in this country cannot design, 
make and profitably sell electronics prod- 
ucts. To do that you have to have large 
research budgets and cheap labour - 
only a big company, a Japanese, 

Korean, or Taiwanese company, can do 
that. 

This attitude is quite frankly rather 
simple minded. Anything that can be 
done by producers in the far east can be 
done here in the UK. You do not need 
cheap labour, the savings in import costs 
more than counter balance this. Neither 
do you need large R&D budgets, profits 
can be made from very simple devices. 

Look at this issue. The Motor Mate 
would be bought by a great many 
motorists at £20, but in small quantities 


Next month ... 
In next month's issue of ETI we look at recycling old computers and using them as 
the basis for some interesting projects. We continue our two series - building a 

12W valve guitar amplifier and taking a look at microprocessor interfacing. Projects 
will include a single board Z-80 computer that can be used as the basis for a wide 
range of projects. We build a frequency meter adapter, another useful piece of 

equipment for the test bench. For computer users, there is a printer switch that will 


Forum 


could be made on a kitchen table for just 
a few pounds. The same goes for the 
fisherman's bite detector and the bike 
alarm. Admittedly, none would ever sell in 
large quantities, but they are potentially 
profitable products in small niche 
markets. 

So, if the electronics entrepreneur can 
easily design and make an electronics 
based product, why are they not getting 
into the shops? 


A Little Learning 

Partly, the answer to this is probably a 
matter of trust. The man in the street is, 
by and large, completely ignorant about 
electronics. He cannot tell whether he is 
making a good buy or throwing his 
money away. The man in the street relies 
on a familiar brand name to reassure him 
that the product is well designed, reliable 
and value for money. He relies on the 
fact that it is made in Japan, for that also 
signals quality and reliability. In other 
words, the customer is brainwashed by 
years of advertising, propaganda and his 
own ignorance. 

The other half of the answer is that 
businessmen find that there is more 
money to be made, with less trouble, by 
simply importing products from the far 
east. All you have to do is sell and take 
your profit. 

So, is there hope? | think there is. We 
just do not try hard enough, we have lost 
faith in our own ability to create high 
quality innovative products at value for 
money prices. There are probably _ 
hundreds of readers of this magazine 
who have the talent and ability to 
become electronics entrepreneurs, the 
founders of a revitalised UK electronics 
industry. 

Come on, lets show the rest of the 
world what we can do! 


allow the user to easily switch between two different printers. We will also be 
showing how to build a novel text display system that works on the eye’s latent 


image. 


On the cover of next month’s issue we will be giving away a diskette, containing a 
complete PCB design program to run on your PC! 
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